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PREFACE 


This book is about the 16-bit microprocessor. More specifically, 
it is about the 68000. Written for those who work with hardware, 
the book provides information and details concerning the organiza- 
tion of a typical 68000 system, how the 68000 controls the system, 
and how to “debug” and troubleshoot the system with a minimum of 
software. 

To be of real assistance to the hardware troubleshooter, it is 
essential for a book of this nature to confront and come directly to 
grips with exact details of the schematics of circuits, devices, pin 
numbers, and logical voltage levels at various check points. Using 
and Troubleshooting the MC68000 does this. 

To implement some troubleshooting strategies, one must learn 
software and develop a high level of expertise in its use in order to 
deal with hardware. This is a problem that constitutes a major 
obstacle for many technicians and others who already know digital 
hardware and who may be familiar with 8-bit microprocessor sys- 
tems, but who do not know 68000 software. For this reason, and 
because of other advantages, Using and Troubleshooting the 
MC68000 emphasizes Static Stimulus Testing. 


xi 


xii PREFACE 


Static Stimulus Testing is a technique for hardware checkout 
that is virtually independent of software—yet it is powerful and 
effective in locating hardware malfunctions. It is a simple, straight- 
forward extension of digital techniques—already known to many— 
into the field of microprocessor systems. In addition, it requires 
standard, low-cost instruments, such as a de voltmeter and logic 
probe, plus a Static Stimulus Tester which may be purchased or 
constructed. The Static Stimulus Tester provides operator-con- 
trolled voltage levels, 1’s and 0’s, at microprocessor socket pins. 
These logical voltage levels propagate through the system via ad- 
dress lines, data bus lines, and control bus lines to their points of 
destination at memory pins or I/O ports. Since each logical voltage 
level on each bus is set by the operator and remains steady until the 
operator changes it, plenty of time is provided to check all points 
along the logic path. Such checks can be made with no software 
knowledge whatsoever. 

Chapter 1 first presents an introduction and overview of the 
68000. From there, it moves on to a review of bus structures and 
buffers. The rest of the chapter is devoted to showing how data is 
read from system ROM in a 68000-controlled microprocessor sys- 
tem, examining how the system is organized, what control signals 
are required, what name is applied to each, how these signals are 
generated, and what signal sequences must be observed. 

In Chap. 2, we discuss the essential details of using static RAM 
with the 68000. Topics covered are the generation of memory control 
signals, select lines, and control lines, as well as a presentation and 
discussion of the sequence of electrical events that must take place 
to accomplish a memory READ or a WRITE operation. A complete 
schematic of the hardware involved serves as the reference of focus 
for the discussion. 

Chapter 3 covers the same type of details as Chap. 2, but with 
reference to reading and writing to an I/O device rather than RAM. 

Chapter 4 continues with I/O and shows how to interface the 
6800-type peripheral devices to the 68000. 

Chapter 5 introduces the concept of Static Stimulus Testing 
and examines the makeup of a Static Stimulus Tester (SST) for the 
68000. A detailed discussion follows of what the SST must accom- 
plish and the necessary hardware. The chapter closes with a sum- 
mary of SST hardware. 

Chapters 6, 7, and 8 concentrate on troubleshooting various 
aspects of the 68000 system. These chapters continue the discussion 
begun in Chap. 5, showing exactly how Static Stimulus Testing is 
used to test, troubleshoot, and verify hardware operations with soft- 


PREFACE xiii 


ware. This answers an urgent and long-standing question: How can 
hardware be checked, debugged, and verified in the absense of soft- 
ware, or prior to the development of software? 

The book closes with a discussion in Chap. 9 of how to imple- 
ment a “march pattern” for rapid checking of memory cells. This is a 
memory system diagnostic based on software. The key here is speed. 
However, such a technique cannot be used if too little memory and 
system hardware is operable to permit the program to run. So, suffi- 
cient memory space and hardware is first verified by Static Stim- 
ulus Testing to permit the march pattern diagnostic to run. Unless 
the necessary amount of hardware is operational, it is pointless to 
attempt to install a software-based diagnostic because it will invari- 
ably fail. 

The discussion in Chap. 9 rounds out a troubleshooting strat- 
egy that will effectively resolve the vast majority of hardware prob- 
lems in a typical 68000 microprocessor system. The future use of 16- 
bit devices is predictable. The fact that knowledgeable people will be 
needed to debug, troubleshoot, and maintain such systems is also 
predictable, and this means opportunity for those who can perform 
such jobs. 


JAMES W. COFFRON 


| would like to thank 
Ginger DeLacey 
for her help 
in the preparation of this manuscript. 


CHAPTER 1 


READING DATA 
FROM SYSTEM ROM 
WITH THE 68000 


1-1: INTRODUCTION 


This book deals with the very real problem of how to use, 
troubleshoot, debug, or isolate faults in the hardware that makes up 
a typical 68000 microprocessor system. No matter what name you 
may associate with the act of locating the exact malfunction site ina 
microprocessor system, every experienced troubleshooter will agree 
that it can be a frustrating and time-consuming process. This book 
is written to provide the needed guidelines to anyone who is in- 
terested in effectively troubleshooting systems designed around the 
16-bit 68000 microprocessor. 
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The book is not intended to be a hardware design manual. 
However, many examples of interfacing the 68000 CPU will be 
given and explained. These discussions are meant to serve as a 
guide for the person encountering a 16-bit microprocessor for the 
first time and will also help the beginner who is trying to learn 
microprocessor hardware organization or hardware troubleshoot- 
ing. The intent of all such discussions is to assist you in becoming 
familiar with how the 68000 performs its various hardware func- 
tions. By becoming acquainted with the operating principles, se- 
quences, and details presented in these examples, you can establish 
familiar ground to be called upon later when examining a new sys- 
tem for the first time. 

The second half of the text focuses on troubleshooting. A de- 
tailed discussion of that topic cannot be undertaken until some facts 
concerning 68000 operation are given. Knowing these facts will al- 
low one to follow logically each step in the troubleshooting process. 
To supply a solution to a problem without making certain that the 
elements of the problem are understood will never convince anyone 
of the validity of the technique shown. Thus, the first half of this 
text is devoted to interfacing the 68000 to all the major hardware 
that would be encountered in a typical 68000 system. 

It may come as a surprise that the effective troubleshooting of 
microprocessor systems hardware does not require extensive soft- 
ware knowledge. We make this claim now, at the beginning of the 
text. You may or may not agree with it. But, by the end of this text, 
we challenge you to read that sentence again and decide if our claim 
is true. Software for the 68000 will not be emphasized in this text. 
Discussions of hardware troubleshooting will be made without ref- 
erence to system software wherever possible. Exceptions will occur 
in cases where software test routines are used. 

If we are to troubleshoot without using software, a new hard- 
ware debugging technique will have to be used. The technique must 
make hardware debugging independent of the system software. 
Such a technique is called Static Stimulus Testing. It is the main 
troubleshooting method used in this book. A detailed discussion of 
Static Stimulus Testing (SST) and how it is used will be the main 
focus of the latter chapters. 

In cases where SST will not provide all of the troubleshooting 
aid that may be needed to solve a problem completely, other tech- 
niques will be given. In the debugging of system RAM, for example, 
Static Stimulus Testing can be used to troubleshoot all of the memo- 
ry hardware. However, if the memory is large, a software memory 
test routine can be employed to speed the fault isolation process. 
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Keep in mind that the techniques for interfacing and troubleshoot- 
ing described in this text are meant only as guides. Usually, you will 
read about a particular technique and then adjust, modify, and tai- 
lor the technique to suit the individual system requirement and 
your own personal preference. The goal of this book is to provide 
enough information to enable you to apply the techniques and trou- 
bleshoot a malfunctioning 68000 microprocessor system. 

A final word: Any discussion of system troubleshooting and 
interfacing leaves one emptyhanded unless the discussion involves 
actual problems encountered in practice. To that end, each useful 
hardware debugging technique mentioned will be discussed in de- 
tail. Further, we will use a typical 68000 system and show how the 
troubleshooting techniques can be employed. Our discussion of trou- 
bleshooting will cover every major circuit of the system hardware. 
In this way, you will have several actual examples of how to use the 
troubleshooting techniques and how to interface 68000 system 
hardware. 


1-2: OVERVIEW OF THE 68000 CPU 


This section opens the technical discussion with some essential 
details and comments related to the 68000 microprocessor. The dis- 
cussion assumes that you have some familiarity with at least one 8- 
bit microprocessor. If you have written some software and worked 
through the details of the hardware for any microprocessor system, 
this will be sufficient background to utilize this text profitably. 

It would not be in the best interest of learning to present at this 
time the entire block diagram of the 68000 microprocessor. To make 
it easier, we will examine only those sections of the 68000 that will 
enhance the topic under discussion. There are many details that are 
extremely important to know, but you must be given enough intro- 
duction and time to appreciate them. This text will cover all of the 
major points for the hardware of the 68000, but they will be ex- 
plained one piece at a time. The discussion is structured so that at 
each step you will be able to relate the new information to details 
already understood. In this way, you will NOT be forced to accept on 
faith certain facts of the 68000 operation, since other related under- 
lying details will be known. 

Figure 1-1 shows the general grouping of the 68000 physical 
pins. Referring to Fig. 1-1, it may not be clear to you at this time 
why the signals are grouped as shown. Further, you may not fully 
understand the names given to the signals. Each of these major 
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Vcc(2) Address 
GND(2) [Bus A1-A23 
CLK 
DO-D15 
AS 9 
MC68000 R/W 
FCO Microprocessor UDS Asynchronous 
Processor FCI LDS Bus 
Status FC2 DTACK Control 
M6800 = BR _ 
Peripheral VMA BG Bus Arbitration 
Control VPA BGACK Control 
IPLO 





BERR 
System RESET IPL1 Interrupt 
Control IPL2 Control 
FIGURE 1-1. Grouping of the 68000 physical pins into functional 
sets. (Courtesy of Motorola, Inc. © 1981) 


groups will be discussed as we progress through the text at a time 
when it is necessary to understanding in a particular topic under 
consideration. 

In examining the signals shown in Fig. 1-1, some of the groups 
are very familiar from one’s knowledge of 8-bit microprocessors—for 
example, the group labeled “address bus.” There are 23 physical 
address lines in this group. The data bus group has 16 physical lines 
instead of 8. It is from the data bus group that the 68000 is placed 
into the category of 16-bit microprocessors. 

The power supplies for the 68000 are +5 volts and ground. A 
single external clock input is used for the 68000. There is no inter- 
nal clock generator on this device as in some of the 8-bit micro- 
processors. The electrical nature of the clock input line will be dis- 
cussed later in this text. 

In Fig. 1-1, there is a group of signals labeled “Interrupt Con- 
trol.” These inputs will provide the physical means to interrupt the 
microprocessor. The term interrupt is not new and is the same as for 
8-bit microprocessors. 

Another group of signals shown in Fig. 1-1 is labeled “M6800 
Peripheral Control.” These signals will be used to allow the 68000 to 
connect physically and to control electrically the standard 6800 pe- 
ripheral devices. The 6800 is an 8-bit microprocessor and the 68000 
is a 16-bit microprocessor. One of the later chapters will show how to 
interface the 68000 to a common 6800 peripheral device, the 6821 
PIA. 
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Another group of 68000 signal lines shown in Fig. 1-1 is la- 
beled “Processor Status.” If you are used to working with the 8080, 
an 8-bit microprocessor, then the concept of processor status is fa- 
miliar. For those readers whose background lies in other 8-bit mi- 
croprocessors, the concept of processor status may be entirely new. 
In general, these status lines will logically indicate the type of hard- 
ware activity occurring with the 68000 at any given time. 


PIN ASSIGNMENT 





FIGURE 1-2. Pinout of the 68000 CPU. (Courtesy of Motorola, 
Inc. © 1981) 
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-+—2.020 inches 


(a) 


64-pin DIP 0.904 inches 


/-__——a200 inches -——— 


(b) 


FIGURE 1-3. Dimensions showing the difference between a 40- 
pin DIP and 64-pin DIP. 


One fact shown in Fig. 1-1 that may also be new is the type of 
arrow used for two of the 68000 system control signals, Halt and 
Reset. The Halt line is shown as a bidirectional signal—that is, 
either the signal can originate from an external source and be sent 
to the 68000, or it can be output by the 68000. This is a new concept 
for anyone familiar with 8-bit microprocessors. In most 8-bit micro- 
processors, the Halt signal was unidirectional—that is, the signal 
originated from an external source and was sent to the micro- 
processor. We will be discussing most of the signals shown in Fig. 
1-1 as we proceed with the interfacing examples given in this text. 

Figure 1-2 shows the exact pinout of the 68000 device. It is 
interesting to note the size of the package in Fig. 1-2. A 68000 is 
packaged in a 64-pin Dual-in-Line Package (DIP). This package is 
much larger than any of the standard 40-pin DIP packages usually 
encountered in 8-bit microprocessors. Figure 1-3 compares the di- 
mensions of the 64-pin DIP and the more familiar 40-pin DIP. 
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Let us now discuss how the 68000 address bus is generated in a 
typical system. Figure 1-4 shows the physical pinout of the 68000 
address lines on the 64-pin DIP. A point to notice in this figure is 
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PIN ASSIGNMENT 











Address 





64 D5 
63( D6 
62707 
61[ D8 
60 D9 
59(-JD 10 
68fJD11 
57(_JD12 
56 (-9D13 
55 (F3D14 
54059015 
53CJGND 
52.) A23 
511 A22 Address 
50 A21 
4909 Vcc 
48 (7) A20 
47 [J A19 
46 (J A18 
45 DI A117 
447 JA16 
4317 A15 
42 (1A14 
41 JA13 
407) A12 
399 A11 
38 [5 A10 
37 CQA9 
36 FIA8 
3509 A7 
34 JA6 
33 (JA5 


Address 





FIGURE 1-4. Physical pinout showing the address lines 
A1—A23. Notice that AO is not a physical output pin on the 68000. 
This address line is used internally on the device. (Courtesy of 


Motorola, Inc. © 1981) 
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that the address lines start with the label “Al.” Most other micro- 
processor devices start numbering the address line with AO. 

There is a logical AO address line on the 68000, and it is used 
internally on the device. The external hardware will never make 
use of this line. This point will become clearer as we proceed in the 
discussion of how to construct the physical memory space for the 


68000. 
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All address lines Al—A23, shown in Figure 1-4, have a sepa- 
rate pin associated with them. This is in contrast to 16-bit micro- 
processors, such as the Z8000 and the 8086. Each of these micro- 
processors multiplex the address and data bus. The multiplexing of 
the address and data bus helps to reduce the pin count of the physi- 
cal package. This fact allows the Z8001 to be packaged in a 48-pin 
DIP, while the Z8002 and the 8086 are packaged in a 40-pin DIP. 

Computing the total address space for the 68000 can be done in 
the following way: There are 24 effective address lines, AO—A23. 
Remember that AO is not physically output on the device package. 
With 24 address lines, the total address space can be computed as 
274, or 16,777,216 physical locations. 

The address space we have just computed is the total number of 
data bytes the 68000 can access. However, the 68000 memory space 
is physically organized as words (16 bits, 2 parallel bytes), reducing 
the total physical locations to 8,388,608 words. We will discuss more 
about the organization of the 68000 memory space later, when we 
show some examples of typical memory sytems. 

At this point, it is necessary to know that there are 23 physical 
address lines that are output on the 68000. Further, each of these 
lines has a unique pin on the 64-pin device—that is, the data bus 
and the address bus are not time-multiplexed on the 68000. 

Remember, we will be introducing all of the hardware pins of 
the 68000 as they are needed. Therefore, do not be concerned at this 
time about the other physical pins of the 68000 device. It is easier to 
focus attention on a small set of the device pins and to understand 
how that small set functions. When each small set is understood, 
then you can put the entire system together to obtain a working, 
well-understood system. This is exactly what we will do in this text. 

The major lines associated with the 68000 address bus are the 
address lines and a control signal from the 68000 labeled “AS.” The 
address lines of the 68000 are not time-multiplexed with the data 
bus, and in most applications there is no need to latch the address in 
time. The AS control line is a signal to the external hardware that 
an address is output on the physical address pins and all address 
lines are electrically stable. Figure 1-5 shows a timing relationship 
between the AS control signal and the 68000 address lines A1—A23. 

You may wonder why an address strobe signal is even output 
on the 68000 if the address lines need not be latched. One reason is 
that some peripheral hardware in a system can make use of the fact 
that the address is stable on the address lines. For example, a dy- 
namic RAM system can use the AS signal to start the RAS, MUX, 
CAS sequence of events for controlling the memory system. 

Figure 1-6 shows one technique for generating a buffered 
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FIGURE 1-5. Timing diagram showing the relationship between 
the address lines A1—A23, and the assertion of the AS control line 
output. 


memory address bus for the 68000. Notice in Fig. 1-6 that 74LS373 
transparent latches are used, but the latching function is disabled. 
The disabling is accomplished by the Latch input to the devices 
being pulled up to + 5 volts via a 4.7K-ohm resistor. 

In Fig. 1-6, the AS signal can be connected to the latch input 
pin of the 74LS373 if the designer desires. (It must be pointed out, 
however, that this text is not meant as a design book. The purpose of 
these first chapters is to give a general idea of how the hardware of 
the 68000 operates. This is accomplished by providing several exam- 
ples of various hardware functions that may be realized with the 
CPU.) 

Keep in mind that the information presented here is only a 
starting point. From this solid background, you can adapt and ad- 
just the hardware of any particular system to better fit the chosen 
application. In later chapters, we will build on this foundation to 
show how to troubleshoot the hardware of a 68000 system easily and 
effectively. 

Thus far, we have introduced three basic facts on the 68000 
address bus. These are: 


1. There are 23 physical address lines that are output on the 
68000. These lines are labeled “A1—A23.” 

2. Each of the physical address lines has a unique pin on the 
64-pin package associated with it. 

3. The control signal labeled “AS” is timed to give the external 


hardware information concerning the status of the 68000 
address lines Al—A23. 
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In this section, we will discuss the details of the 68000 system 
data bus. Notice in Fig. 1-7 that there are 16 physical pins for the 
68000 data bus. This fact indicates that the 68000 can operate in a 


74LS373 


ai L29 8 9 IC1_ BAI 
Fey thas 14 15 BA2 
salt 8 : BAS 
32 17 16 BA4 
A4 
+ 19 BAS 
34 13 12 BAG 
es _ 
35 4 5 BA7 
A7 
BAB 
IC2 BAQ 
AQ 
aio-22_| 14 15 | Bato 
All : 2 | ean 
ao | 17 ie | BA12 
ake Address Lines to 
ai |e ta [eats 68000 system 
42 13 BA14 
A14 
BA15 
a ee 
7 eel BA16 
IC3 
A172 BA17 
argo} 4 is | sare 
ari@2—| 3 BAIS 
noo-4@—_| 17 1e_| _saao 
a1 (20_| 18 no | aa 
A22 si | 13 BA22 
aza-o2—| 4 s | sazs 


+5 
OUTPUT ENABLE 
0 = ADDRESS ENABLE 68000 


4.7K 1 = 68000 ADDRESS DISABLE 


AS ome Latch 
Jumper 
if Wanted Ground for Non-DMA 


FIGURE 1-6. A technique for generating address buffers with 
the 68000. In this schematic, 74LS373s were used. The AS control 
signal need not be used for this buffering scheme. 
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PIN ASSIGNMENT 


Data 


Data 





FIGURE 1-7. Physical pinout of the data lines DO—D15 on the 
68000 device. (Courtesy of Motorola, Inc. © 1981) 


parallel fashion on 16 physical lines of data. (Do not confuse the 16- 
bit data bus with the software that only performs 16-bit arithmetic 
operations. ) 

Actually, the software of the 68000 can perform operations on 
more than 16 bits; however, the hardware of the system can only 
transfer into or out of the 68000 device 16 bits at a time. For the 
hardware troubleshooter, this fact is extremely important. If the 
troubleshooter can make the 16-bit data bus perform correctly, then 


12 READING DATA FROM SYSTEM ROM WITH THE 68000 


the software will get the required number of data words to perform 
the required length of operation. 

Like most microprocessor devices, the data bus lines on the 
68000 are bidirectional—that is, data can be transferred from the 
CPU to the external hardware or from the external hardware to the 
CPU. These operations are performed in cycles called WRITE and 
READ cycles. Figure 1-8 shows a block diagram of these types of 
data operations. 

We will now introduce a new signal, which is labeled “R/W,” 
pin 9 of Fig. 1-7. This control signal is output from the 68000 and 
will give the electrical information regarding the type of data trans- 
fer that will occur. When the R/W line is a logical 1, the 68000 will 
be reading data into the device. When the R/W line is a logical 0, the 
68000 will be writing data to an external device. 

There are two additional signals that must be mentioned. 
These signals are labeled “UDS and LDS,” pins 7 and 8 of Fig. 1-7. 
The term UDS is an abbreviation for “upper data strobe” and LDS is 
an abbreviation for “lower data strobe.” These two signals are timed 
control signals from the 68000. The terms “upper” and “lower” refer 
to the data byte of the 68000 data bus. 

The 68000 data bus is 16 bits wide. These 16 bits are comprised 
of two parallel bytes. One byte is called the “upper byte” and the 








68000 
Data 16 Bits 68000 System 
Hardware 
(a) 
68000 
Data 16 Bits 
68000 System 
Hardware 
(b) 


FIGURE 1-8a. Block diagram showing the data transfer from the 
68000 to the external system. This is a WA/TE operation. 
FIGURE 1-8b. Block diagram showing the data transfer from the 
external hardware to the 68000. This is a READ operation. 
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other is called the “lower byte.” Upper byte refers to the physical 
data lines D8—D15. Lower byte refers to the data lines DO—D7. 
Figure 1-9 shows how the upper and lower data bytes refer to the 
physical data pins of the 68000 data bus. 

You may be asking, “Why are the two lines UDS and LDS 
necessary?” We will give a general answer to that question now and 
a more specific answer later. The 68000 is capable of communication 
with bytes, as well as 16-bit words. Sometimes a program is written 
in such a way that only the information stored in the data byte 
physically accessed by the bits D8—D15 may be obtained. This could 
be an 8-bit I/O device connected physically to these data lines (See 
Fig. 1-10). 


5 
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D4 Data 
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6 
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68000 
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60 
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59 
D10 Ff 
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Dil fF Upper Byte 
57 
D12 | Data 
56 
D13 
55 
D14 F 
54 
D15 ft 


FIGURE 1-9. Diagram showing how the upper and lower data 
bytes refer to the physical lines of the 68000. 
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FIGURE 1-10. The 68000 can interface to 8-bit I/O devices. The 
devices are connected to the physical data lines on the upper or 
lower byte of the 68000 data bus. 


In the example shown in Fig. 1-10, one may wish to READ or 
WRITE to the upper data byte. The software of the 68000 is such 
that it can control only the UDS line from the 68000 to become 
active during a READ or WRITE operation. In this case, the infor- 
mation on the lower data lines would not be electrically effected (see 
Fig. 1-11). 

We will discuss the UDS and LDS control lines when we phys- 
ically construct the microprocessor system. For now, you need to be 
aware that the UDS and the LDS control lines are associated with 
the upper data bits and the lower data bits, respectively. 

In this section on the 68000 data bus, we have introduced four 
main points. These are: 








1. There are 16 physical pins for the 68000 data bus on the 64- 
pin DIP. 

2. The R/W control line will give electrical information as to 
the type of data transfer that will occur on the 68000 data 
bus. 

3. Two control lines, UDS and LDS are associated with the 
upper and lower data bytes on the system data bus. 

4. The 68000 can communicate with either 8 bits (upper or 
lower) or 16 bits at each data transfer. 
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Write Data to 
SIO only. 
D8-D15 


Upper Data Byte 


PIA 





FIGURE 1-11. With I/O devices connected to both upper and 
lower data bytes, the 68000 can electrically communicate with ei- 
ther byte and not effect the I/O device on the other byte. 


1-5: BIDIRECTIONAL BUFFERING FOR THE 
DATA BUS 


Let us now discuss how the 68000 system data bus can be 
buffered. You are reminded that the technique shown is only one 
way this hardware function may be realized. The technique will 
work and is designed to teach the basics of bidirectional buffering 
for the 68000. 

In later chapters, we will show exactly how to troubleshoot and 
verify that the bidirectional data buffers are operating correctly. If 
you understand how this bidirectional buffering technique operates, 
it will be an easy matter to understand how other techniques work. 

Figure 1-12 shows a block diagram of exactly what we are going 
to accomplish by bidirectional buffering. In Fig. 1-12, the system data 
must be buffered from the external hardware to the 68000 for a 
READ operation. The data must be buffered from the 68000 to the 
external hardware for a WRITE operation. 

Figure 1-13a shows the actual electrical devices that are used 
to realize the buffering. In Fig. 1-13a, there are two 74LS245, octal, 
bidirectional buffers. One of the 74LS245’s buffers the upper data 
byte and the other buffers the lower data byte. Figure 1-13a does not 
show how the direction of the buffers is controlled. Figure 1-13b 
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FIGURE 1-12. Block diagram showing the concept of bidirec- 
tional buffering for the 68000 data bus. 


shows a schematic diagram of how the 74LS245’s are constructed 
internally. 

The bidirectional buffers are connected in such a way that they 
will always enable the 68000 data pins onto the system data bus. 
(See Figure 1-14a.) The only time the bidirectional buffers will en- 
able the system data onto the 68000 data pins is during a READ 
operation. This is done to avoid any possible “bus conflicts” with the 
68000 data pins. Figure 1-14b shows a block diagram of this 
situation. 

The 68000 control signals that will be used to provide the 
bidirectional buffering control are: 


/ 


Se 


1. 
2. UDS (upper data strobe) 
3. 


~S) 


DS (ower data strobe) 


We have not discussed detailed timing of these signals. For our 
purposes, it is not necessary to understand detailed timing. You 
need to know the electrical sequence of events for assertion of the 
control signals. The sequence of events for a READ operation is as 
follows: 


1. The system address is output on the address lines. 
2. AS is asserted. 


These two events will not be of concern for our discussion on the 
control of the bidirectional buffers. 
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FIGURE 1-—13a. Schematic diagram showing how the 74LS245 
devices can be used as bidirectional data buffers. 


3. Next, the R/W is set to a logical 1 if a READ operation is to 
occur. 

4. The R/W will be set to a logical 0 if a WRITE operation will 
occur. 

5. The upper data strobe is set to a logical 0 if the system is 
reading data for the upper byte or writing data for the upper 
byte. 


Bl 
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(b) 
FIGURE 1-—13b. Functional diagram of the 74LS245 device. 
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(a) 


FIGURE 1-14a. Block diagram showing the fact that the bidirec- 
tional buffers are continually enabled to buffer data from the 68000 
to the system except during a READ operation. 
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6. The lower data strobe is set to a logical 0 if the system is 
reading data for the lower byte or writing data for the lower 


byte. 


It should be noted that both actions 5 and 6 can occur at the 
same time if the system is communicating in a parallel fashion with 


16 bits. 


Bus Conflict 


68000 Not Desirable —gj-Directional 


Buffers 





ADO-AD15 


The Data Buffers Must Not be 
Enabled in This Direction 
Except During a Read Operation 


(b) 


FIGURE 1-14b. Block diagram showing how a possible data bus 
conflict can be avoided by proper control of the bidirectional 
buffers. 
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FIGURE 1-15. Timing diagram showing the relationship be- 
tween the R/W, UDS and LDS control signals from the 68000. 


The timing diagram of Fig. 1-15 shows the general timing for 
the R/W, UDS, and LDS signals for a byte or word communication. 
Using the information in Fig. 1-15, the logic can be designed for 
control of the bidirectional data buffers as shown in Fig. 1-16. 

The bidirectional buffers (Fig. 1-16) will enable data to the 
68000 only during a READ operation for either the upper data byte 
or the lower data byte. Remember, both bytes may be communicated 
with at the same time. Also, notice in Fig. 1-16 that the bidirec- 
tional buffers are continually buffering the data from the 68000 to 
the system data bus except during a READ operation. During a 
WRITE operation, the bidirectional buffers will not be affected by 
any of the 68000 control signals. 


1-6: READING DATA FROM ROM 


Enough information has been presented for us to examine how 
the 68000 reads data from the system ROM. The address bus and 
the bidirectional data bus will be involved in this hardware opera- 
tion. Additional 68000 control signals will be explained as they are 
needed to communicate with the system ROM. Prior to a detailed 
discussion of how to read from ROM, it will be helpful to discuss 
some general concepts of accessing data in a ROM. From this gener- 
al discussion, the details of exactly how the 68000 will read data 
from ROM will be more easily seen and understood. 

The type of ROM that will be discussed is really an EPROM 
(Eraseable Programmable Read Only Memory). These will be 2716 
devices, as shown in Fig. 1-17. The 2716 is organized as 2K x 8 bits. 
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FIGURE 1-16. Complete schematic showing the electrical tech- 
nique for bidirectional data buffering with the directional control 


logic. 
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PIN OUT 


2716 EPROM 
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; AO-A10 ADDRESSES 
CE/PGM CHIP ENABLE/PROGRAM 
OE OUTPUT ENABLE 
00-07 OUTPUTS 


FIGURE 1-17. Pinout diagram of the 2716 EPROM device. The 
device is connected to have data read from it. 


This device is a general-purpose EPROM and many ROMs are simi- 
lar in their operating characteristics for assessing internal data— 
therefore, the generality of the discussion will not be lost by specify- 
ing this device. In order for any microprocessor to read data from the 
2716 EPROM, an address must be input to the device’s memory 
address lines AO-A10. The CE input pin 18 must be a logical 0 and 
the OE input pin 20 must be a logical 0. The VPP, pin 21, is con- 
nected to + 5 volts. (See Fig. 1-17.) 

Under these input conditions to the EPROM, the outputs 
00—07 will be active. In a microprocessor system, the outputs of the 
ROM will be electrically placed on the system data bus when the 
microprocessor reads data from the ROM address space. This means 
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that the 2716 outputs must drive the entire load of the system data 
bus. In a small system application where the data bus loading is not 
great, the 2716 need not be buffered before being connected to the 
system data bus. A rule of thumb to follow when deciding if the 
ROM memory system needs buffers is this: 


IF THE MICROPROCESSOR REQUIRES A BIDIRECTIONAL 
BUFFER, THEN THE MEMORY WILL REQUIRE AN OUTPUT 
BUFFER. 


This holds true because the microprocessor output drive capability 
is approximately equal to that of most semiconductor memories. 


1-7: A 68000 ROM READ 


Now let us examine how the 68000 reads data from the system 
ROM space. The 68000 has the electrical capability to read or write 
a single byte (8 bits) or a word (16 bits) during each READ or 
WRITE operation. The system memory is organized as N X 16 bits, 
where N is the number of unique address locations. When the 68000 
reads data from memory, the system memory hardware need not be 
electrically informed whether a byte or a word is to be read. The 
system hardware can simply place the entire 16 bits on the data bus 
and let the microprocessor read the data it requires. (Refer to Fig. 
1-18.) 

When the microprocessor reads the most significant byte of 
data from ROM, D8—D15, the memory address is an even number. 


System Data Bus 





Buffers Enable 
ROM Data onto 
System Data Bus 


Buffers Enable 
ROM Data onto 
System Data Bus 


FIGURE 1-18. Block diagram showing how the system ROM 
places data on the system data bus via the memory buffers. 
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Stated another way, D8—D15 will be read from an address where AO 
is a logical 0. Data bits DO—D7 will be read from an odd-numbered 
address, or an address where AO is a logical 1. The system software 
will logically call for the hardware to output an odd or even address 
when the 68000 is performing operations using data bytes. Recall 
that address bit AO is used internally on the 68000 to generate the 
UDS and LDS output control signals. 

A question that may arise at this time is, “When the 68000 
reads a word, 16 bits, from memory, does it use two memory READ 
operations? One with AO set to a logical 0 and the other with AO set 
to a logical 1?” The answer to that question is “No.” The 68000 can 
and does read all 16 bits in a single memory READ operation. The 
internal logic of the 68000 will let the UDS and the LDS signals 
become asserted at the same time when reading 16 bits. 

For now, it is assumed that all memory READ operations from 
system ROM will be word (16-bit) operations. This assumption is 
valid for ROM and does not impose any restrictions on the system 
performance. 

When reading all words from the system ROM address space, 
the internal address line AO is electrically ignored by the 68000. 
The UDS and LDS will become asserted at the same time. Address 
lines Al—A11 are used as the address inputs for the 2716. We will 
use system address lines Al12—A15 for the generation of memory 
select lines. Certain 68000 control bits are combined logically to 
provide the memory data buffer enable line control. A schematic 
diagram for a 4K xX 16-bit ROM system for the 68000 is given in Fig. 
1-19. 

Referring to Fig. 1-19, it should be noted that the address space 
OOO0O-OFFF is provided by ROMs A, B. The memory space 
1000-1FFF is provided by ROMs C, D. All 23 address lines are 
logically defined for the 68000 at each memory operation. We are 
using only 15 of the total lines in this example. It appears from the 
mapping of the address space that it is in 4K blocks, making the 
total address space equal to 8K. We stated that the decoded space 
was to be used by 2716’s which are organized as 2K x 8 bits. 

The answer to this seeming inconsistency is that the 68000 
memory space is referenced to a byte organization. A byte organiza- 
tion requires that the CPU use twice the address space afforded by a 
single byte if it is to communicate with a memory that is 16 bits 
wide. 

It can further be seen from Fig. 1-19 that the AO bit of the 
address bus is electrically ignored. This may be inferred by the fact 
that this pin is not output by the 68000. Therefore, the memory 
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FIGURE 1-19. Complete schematic of a 4K x 16 ROM system 
for a 68000. 


Neo 


From 


68000 ips 


capacity of the 68000 is 16 megabytes or 8 megawords. In the memo- 
ry schematics shown in later chapters, you are asked to recall this 
fact concerning the memory space allocation. The memory decoding 
will appear to allow twice the needed address space for the memory, 
but keep in mind that the address space has the required number of 
bytes that are decoded. 

The key to understanding the ROM system of Fig. 1-19 is in 
noting that the 68000 sets up certain electrical conditions by the use 
of its address and data and control bits. When the electrical condi- 
tions are correct, a reliable signal path is established from the ROM 
output lines to the 68000 data input pins. There is a source of data 
(ROM), a destination for data (68000 CPU), and a complete path for 
data in which the necessary hardware has been enabled. 

To further emphasize this point, let us go through the sequence 
of electrical events for a memory READ operation. All through the 
sequence of events there will be no mention of exact timing. The 
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signal relationships will be discussed as individual electrical events. 
Some events will occur before others, while other events will occur 
at the same time. General timing diagrams will be used to empha- 
size and verify this point about sequence. Hardware response to the 
sequence of events will be given. To follow our discussion, the sche- 
matic of Fig. 1-19 will be studied as well as Figs. 1-6 and 1-16. 


1-8: SEQUENCE OF ELECTRICAL EVENTS 
FOR A MEMORY READ 


The following list of events is the general sequence that the 
68000 will execute when performing a memory READ operation. (It 
should be noted that certain 68000 device outputs will not be men- 
tioned. These outputs will be changing electrically during a memory 
READ operation but are left out of the discussions at this time. They 
will be introduced later, as they are needed.) Only the 68000 outputs 
that will directly affect the hardware operation under consideration 
will be mentioned. Note, also, that these electrical events occur 
rapidly—sometimes measured in hundreds of nanoseconds—giving 
the illusion of dynamic operation. However, for understanding and 
troubleshooting, these events can be slowed down and treated as 
static electrical events. 


1. First, the microprocessor device lines Al—A283 will have the 
memory address output on them. 


Referring to Fig. 1-6, we see that the inputs to the 74LS373’s will 
become active with the system address inputs. Note that the address 
is now present at the 74LS373 output lines. If the AS line is used, 
the address will still be present at the outputs due to the active edge 
of the latch control for the 74LS373. 


2. Next, the R/W output line from the 68000 will go to a logical 
1, indicating that the system is performing a READ 
operation. 


This action will force the input pin 5 of the 7400 NAND gate in Fig. 
1-19 to a logical 1. 


3. The AS signal goes to a logical 0, under the control of the 
68000. 
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The address information on the 68000 device pins Al—A23 is 
now latched at the 74LS373 outputs. This action will occur only if 
the AS output line has been connected to the latch enable input of 
the 74LS373’s shown in Fig. 1-6. If this is not the case, then the AS 
output line from the 68000 will have no effect on the overall memory 
communication. 

With the address lines Al—A23 becoming valid to the memory 
system, the 2716 address input lines AO—A10 have active inputs. 
The 74LS42 decoder shown in Fig. 1-19 has address output lines 
BA12-BA15 applied to its inputs. Let us suppose that the 68000 is 
reading from memory address 0400 in hexadecimal notation. Under 
these conditions, output pin 1 of the 74LS42 will be an active 0. 
With pin 1 an active 0, the CS input to the 2716 pin 20 of ROMs A 
and B will be active. 

When the CS input to ROMs A and B becomes active, the ROM 
outputs are enabled onto the memory data bus lines MDO—MD15. 
These ROM outputs are not enabled onto the system data bus lines 
at this time. MDO—MD15 refer to the memory data lines at the input 
to the data buffers IC4 and IC5 of Fig. 1-19. 


4. The UDS and LDS outputs from the 68000 are asserted to a 
logical 0. 


When this action occurs, the 68000 is electrically informing the 
external hardware that it is ready to receive data. Figure 1-19 
shows the UDS and the LDS connected to different inputs of a 
74L532 OR gate, IC3. When the memory space is enabled via pin 6 
of the 74LS00 and the R/W signal is a logical 1, input pins 1 and 4 of 
the 74LS32 OR gates are enabled to a logical 0. 

Memory data buffers IC4 and IC5 are not enabled until the 
UDS or the LDS timed control signal from the 68000 is asserted. If 
the 68000 is reading data from the upper data byte, the UDS is 
asserted. With UDS becoming asserted, output pin 6 of the 74LS32 
OR gate, IC3, is set to a logical 0. 

With pin 6 becoming a logical 0, the 74LS244 data buffer, IC5, 
is enabled. Now the data from the 2716 EPROM (ROM B) is enabled 
onto the system data bus lines BD8—BD15. — 

If the 68000 sets the timed control signal UDS to a logical 0, 
output pin 3 of the 74LS32 OR gate, IC3, is set to a logical 0. The 
memory data buffer, IC4, is now enabled onto the system data bus 
via input pins 1 and 19. With the 74LS244 becoming enabled, mem- 
ory data from the EPROM (ROM A) is placed onto the system data 
bus lines BDO—BD7. 
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From the preceding discussion, it can be seen that either the 
upper memory data byte or the lower memory data byte can be 
electrically placed on the system data bus, regardless of the state of 
the other byte. Further, if the software of the 68000 directs the CPU 
to communicate with an entire word on the data bus, both the UDS 
and the LDS output control lines are asserted. Thus, both of the 
74LS244’s, IC4 and IC5, are enabled. When this occurs, the data 
from the EPROM (ROM A and ROM B) will be placed on the system 
data bus lines BDO—BD15. 

It should be noted that if the system EPROM space is designed 
such that byte data will never be accessed, then it is possible to 
eliminate the need for selecting the upper or lower byte. Whenever 
the memory space is accessed, the memory data can simply be 
placed on the system data bus at the correct time, using all of the 
data bits. However, care must be taken to avoid any possible bus 
conflicts with the bidirectional data buffers used by the CPU. 

At this point, our attention focuses on the bidirectional buffers 
shown in Fig. 1-16. These buffers are enabled as required to permit 
data from the system data bus lines BDO—BD15 to be input to the 
68000 device pins DO—D15. This is accomplished by the 74LS32 OR 
gates in Fig. 1-16 having the input pins 1 and 4 at a logical 0 level. 
Pins 2 and 5 of the 74LS32 are a logical 0 due to the R/W signal 
becoming an active 1 and being inverted by the 74LS04. This signal 
indicates a READ operation. _—— 

Pins 1 and 4 of the 74LS32’s are set to a logical 0 because UDS 
and LDS are active logical 0, indicating that the 68000 is elec- 
trically prepared to initiate the data transfer. In Chap. 2, we will see 
that the UDS and LDS signals are also active logical 0 during a 
memory WRITE operation. Notice in Fig. 1-16 that the direction 
control line is labeled by arrows that indicate in which direction the 
data is being buffered based on the logical condition of pin 1 on the 
74LS245’s. 

During the time that all of the preceding electrical conditions 
are stable, there is a valid electrical path from the 2716 EPROMs A, 
B of Fig. 1-19 through the memory data buffers (74LS244’s) onto the 
system data bus. From the system data bus, the electrical path is 
through the bidirectional buffers of Fig. 1-16. The output of these 
buffers is the final input to the 68000 microprocessor device pins 
DO-D15. 

It should be noted that this path will remain stable as long as 
the electrical conditions just described exist. This particular point is 
the main focus of Static Stimulus Testing. The electrical sequence of 
events will be referred to when discussing troubleshooting of the 
68000 memory READ operation. 
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FIGURE 1-20. The 68000 system signals shown will remain sta- 
ble until some external hardware asserts the DTACK input signal to 
the device. 





The next event to occur in the electrical sequence will involve a 
68000 input line that we have not previously discussed. That pin is 
labeled “DTACK.” The DTACK input pin is an abbreviation for 
“DATA TRANSFER ACKNOWLEDGE.” The 68000 micro- 
processor will keep the preceding electrical events stable on the 
system buses until the external hardware responds with the infor- 
mation that it is electrically ready to have the 68000 strobe the 
data. (Figure 1-20 shows a timing diagram representation of this 
concept. ) 

Each data transfer from the 68000 with external hardware 
must be done in a “handshake” mode. This is necessary because the 
68000 is a very fast microprocessor. It can take data faster than 
some memory or peripheral devices can send or receive. Therefore, 
the DTACK input will allow the external device to slow down the 
68000 when communicating with it. 

In the next chapter, we will show how to slow down the 68000 
by making use of this input pin. For now, let us assume that the 
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68000 is running at a sufficiently slow clock speed to allow enough 
time for memory access. In this case, we will not handshake from 
the system memory. The DTACK input is set to a logical 0 as soon as 
the UDS or the LDS output lines are asserted. (See Fig. 1-21a). 
Figure 1-21b shows a timing diagram representation of how the 
DTACK input becomes active during a memory communication. 





5. The DTACK input to the 68000 is set to a logical 0 by the 
external hardware. 


The 68000 will not proceed in the data transfer until the 
DTACK input has been set to a logical 0. When we discuss trou- 
bleshooting the 68000, we will supply techniques to verify that the 
DTACK input line is being set to a logical 0. 





74LS08 





(b) 


FIGURE 1-—21a. Schematic diagram showing how the DTACK in- 
put to the 68000 will be asserted in this memory sample. 
FIGURE 1-21b. Timing diagram showing the timing relationship 
between the UDS, LDS, and DTACK input to the 68000. 
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6. UDS, LDS, and AS sens will be set to the unasserted 
logical condition. 


A logical 1 level is the unasserted state for these output lines. The 
68000 sets these signals to a logical 1 level, indicating that the 
memory READ operation and the preceding sequence of events is 
complete. At this point, the data transfer should have occurred. The 
statement “should have occurred” is used because there is no way to 
determine directly if the data from ROM was correctly strobed into 
the 68000. 

The data is strobed into the 68000 after the DTACK input has 
been asserted by the external hardware. The rising edge of UDS or 
LDS is the active edge that will strobe the data into the 68000. 





1-9: SUMMATION OF A MEMORY READ 
SEQUENCE FOR THE 68000 


Let us now summarize the sequence of events that will occur in 
a memory READ sequence for a 68000. The sequence will be re- 
ferred to later in the chapters on troubleshooting. The sequence is: 


1. Al—A23 are set to a logical value of the system memory 
address from which the memory data will be read. 


2. R/W is set to a logical 1. This indicates that a READ opera- 
tion will be occurring in the system hardware. 


3. AS is set to a logical 0. When AS is a logical 0, the micro- 
processor device lines Al—A28 are valid to the system mem- 
ory space. 

4. UDS, LDS, or both are set to a logical 0. These are the timed 
output control signals to the 68000 system hardware. These 
signals indicate that the microprocessor is electrically ready 
to receive data. When UDS or LDS is a logical 0, the ROM 
data is placed on the system data bus by the external system 
hardware. ROM data is then sent to the bidirectional buffer, 
to the 74LS245’s, and finally to the input to the 68000 de- 
vice pins DO—D15. 

5. The DTACK input to the 68000 will be set to a logical 0 by 
the external hardware. This signal indicates that the exter- 
nal hardware is electrically prepared to continue in the 
memory cycle. 


6. LDS, UDS, and AS control lines are set to a logical 1 by the 
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68000. This action terminates the data transfer. Data are 
latched internally on the 68000 on the rising edge of these 
signals. The ROM data are removed from the system data | 
bus. The 68000 is now ready to perform another data trans- 
fer. The transfer can be another memory READ or any other 
valid hardware operation. 


1-10: CHAPTER SUMMARY 


This chapter has described and illustrated a number of essen- 
tial points concerning the 68000 hardware operation. The function 
of several control bits such as AS, R/W, UDS, LDS, and DTACK 
were discussed. A complete schematic of a 4K x 16-bit ROM memo- 
ry was shown and interfaced to the 68000. 

It can be seen that many general concepts concerning micro- 
processor systems that were valid for 8-bit devices are equally valid 
for 16-bit CPUs. Some of these concepts are techniques for generat- 
ing memory select lines, bidirectional data buffering, and memory 
buffering. A major objective of the chapter was to cover the essential 
details of how the 68000 reads data from the system ROM. No soft- 
ware that would allow the 68000 to read from system ROM was 
presented. Discussion centered on hardware functions, sequence of 
events, and circuit details. It was assumed that the microprocessor 
was directed to read from ROM, and when it did, this is how the 
hardware would operate. 

Not all 68000 device pins were discussed in this chapter. Only 
those device pins essential for a particular hardware operation were 
presented. In the chapters that follow, more of the 68000 device pins 
will be shown, following the same scheme. As mentioned before, 
each new device pin will be presented in such a way that its function 
can be related to familiar information that has already been 
covered. 

Chapter 2 will cover the concept of reading and writing data to 
the system RAM. That chapter will also make use of many concepts 
which have already been discussed. The reader should understand 
the information covered in this chapter before preceding to Chap. 2. 








CHAPTER 2 


USING STATIC RAM 
WITH THE 68000 


2-1: OVERVIEW OF THE SYSTEM RAM 


This chapter will cover a hardware interface to static RAM 
using the 68000. Decoding techniques and buffering realizations 
used in this chapter are designed to instruct. The techniques are not 
meant as final solutions. This system hardware design is very 
straightforward; with it, you may follow how the decoding and elec- 
trical communications are accomplished. After you have seen how it 
can be done, steps may then be taken to minimize the package count 
and possibly increase system performance. 

Before you can begin to design or troubleshoot the hardware 
for a RAM system, a block diagram of how the RAM communicates 
with the microprocessor must be understood. A 68000 system RAM 
is organized as N xX 16, where N is the number of unique storage 
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(c) 


FIGURE 2-1. Block diagram showing the possible read and write 
combinations for RAM with the 68000. 

a) The 68000 can read or write an entire word, 16 bits. 

b) The 68000 can read or write the low byte DO—D7. The “XxX” 
indicates the high byte of RAM is not disturbed during this data 
transfer. 

c) The 68000 can read or write the high byte D8—D15. During this 
operation, the low byte will not be disturbed. 


locations of the memory. The RAM system we will design is orga- 
nized as 1K xX 16. Further, the RAM system can be thought of as 
having two separate halves, or parallel bytes. These are the upper 
half (D8—D15) and the lower half (DO—D7). The 68000 can read data 
in byte or word form, as shown in Fig. 2-1. 

In Fig. 2-1, we see that one possible combination for reading 
and writing to the system memory is with an entire word (16 bits). 
In the word mode, both halves of the system memory are enabled. 
(See Fig. 2-2 for a block diagram of the system memory.) Another 
possibility for communication between the 68000 and the system 
memory is to read or write a byte from the upper half. (See Fig. 
2-1b.) In this mode, the data bits D8—D15 will be communicated 
with. To select electrically the upper half of the memory, the system 
address must be even (AO = Q). The third combination for commu- 
nication between the microprocessor and system memory is shown 
in Fig. 2-1c. In this mode, the CPU will read or write data to the 
lower byte. For this to occur, the system address must be odd (AO = 
1). The communication will be with data bits DO—D7. 
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FIGURE 2-2. Block diagram of the important hardware blocks needed for electrical communication 
with static RAM for the 68000. 
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2-2: THE MEMORY CONTROL SIGNALS 


In reviewing the possible electrical events that can occur in 
communication with static RAM, we provide this list: 


. READ data word (DO-—D15). 
READ upper byte (D8—D15). 
. READ lower byte (DO—D7). 
WRITE data word (DO—D15). 
WRITE upper byte (D8—D15). 
. WRITE lower byte (DO—D7). 


Oar PR WD 


From this list of possible electrical events, we must design the 
system hardware to accomplish all of the events to occur elec- 
trically. The hardware will be designed to make use of this list and 
of some specific 68000 control signals. The control signals that will 
be used for the memory operations are: 


Using the list of electrical events and the 68000 control signals 
just mentioned, the logical conditions of the control signals for each 
event as seen in the truth table of Fig. 2-3 can be shown. Note that 
the R/W control signal used in Fig. 2-3 is not a timed control line— 
that is, this signal is valid for the entire memory operation. An 
example of a timed control signal is UDS. This signal is valid or 
asserted for only a portion of time during the memory operation. 





CPU Function Truth Table 
R/W LDS UDS 


Read Word 1 0 0 
Read Upper Byte 1 1 0 
Read Lower Byte 1 0 1 
Write Word 0 0 0 
Write Upper Byte 0 1 0 
Write Lower Byte 0 0 1 


FIGURE 2-3. CPU function list. The logical level of the 68000 
outputs is shown beside the corresponding system memory opera- 
tion that will take place. These logical combinations will be decoded 
with hardware. 
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The type of logic required to interface a RAM to the 68000 will 
be very dependent on the memory used. We will show the logic 
required to interface the 68000 to a memory system comprised of 
2114, 1K x 4, common I/O RAM. From this disucssion, you will be 
able to understand better how to interface the 68000 to other types 
of memory devices. 


2-3: GENERATION OF THE MEMORY 
SELECT LINES 


The system static RAM resides in some predetermined address 
space. The address space that was chosen for this example was 
3000—3FFF. The selection of this system address space was arbi- 
trary. The RAM address space could be any available memory area 
in the system. When the allowed memory space for this example is 
examined, it is seen that 4096 memory locations are allocated. Re- 
member, in the 68000 this means 4096 bytes; therefore, we have 
reserved 2048 words. Our static RAM system is organized as 2048 x 
16 bits. 

It was stated that the sample memory would be organized as 
1K x 16. This means that not all of the available static RAM space 
will be used. The 2114 memories are organized as 1024 x 4. Because 
of this, we must further subdivide the 2K of RAM space into two 
separate blocks of 1K each. Figure 2-4 shows how this can be accom- 
plished with hardware. 

As shown in Fig. 2-4, the upper system address lines 
BA12—BA15 provide the first level of memory select—that is, they 
will separate the RAM space from the rest of the memory space. 
These address lines are the same as those that were discussed in 
Chap. 1. The device shown in Fig. 2-4 is a 74LS42 decoder. State 3, 
pin 4, is used to generate the memory space select line 3000—3FFF. 
The address line BA11 is used to divide the major space into two 
separate spaces, 3000—37FF and 3800—3FFF. The resulting memo- 
ry select lines are labeled “MSELA and MSELB.” 

In Fig. 2-4, the memory select line MSELA (3000-—37FF) is 
active logical 0 when the following conditions exist: 





1. BA15—BA12 = 001 1 (8000—3FFF) major space decode 
and 
2. BA11 = logical 0 (3000—37FF) minor space decode 


MSELB is active logical 0 when the following conditions exist: 
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FIGURE 2-4. Schematic of the hardware necessary to decode 
the correct memory space during a memory transfer. 


1. BA15—BA12 = 001 1 (8000—3FFF) major space decode 
and 
2. BA11 = logical 1 (83800—3FFF) minor space decode 


We will make use of the MSELA only in the following example. The 
second address space 3800—3FFF will not be used. 


2-4: THE 2114 COMMON I/O RAM 


Generation of the exact memory control lines for any system is 
very dependent on the type of memory that has been selected for use 
in the system. The 2114, 1K x 4, common I/O static RAM was 
chosen for this discussion because it is in wide general use in indus- 
try. If this general discussion of how to use this device with the 
68000 is understood, it will be a much easier task to transfer these 
details to other types of memory devices. 

Let us consider the 2114 at the user level only. Further, it will 
be assumed that the memory access time is consistent with the 
overall system speed—that is, we do not need to generate any wait 
states for slow memory. This will be shown at the end of the chapter 
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in a separate section. We begin by considering how many memory 
devices we will need for our system. Each 2114 is 4 bits wide. This 
will require that four 2114’s be addressed in parallel to realize the 
entire 16-bit data word. (See Fig. 2-5.) 

In order to address the memories in parallel, system address 
lines BA1—BA10 will be input to the 2114 address lines AO—A9Q. 
(See Fig. 2-6.) The data input and output lines will be assigned as 
shown in Fig. 2-6. 

Let us now review how data are read from the 2114 memory. 
To read data from the 2114, the memory address must be input, and 
to enable the chip (CS = 0), pin 8 needs to be active. When this 
occurs, the memory data output lines are active. The memory output 
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FIGURE 2—5. Block diagram showing how four 2114, 1K x 4, 
static RAM devices are placed in parallel to produce a 1K x 16 
system memory. 
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y output lines 
DO 
D1 
D2 
D3 








BA1-BA10 
2114 
pe 14 
Dg 
13 BA1-BA10 
D10 < 
112 
D11 
11 2114 
D12 
14 
D13 i BA1-BA10 
D14 <5 : 
D15 


11 2114 


FIGURE 2-6. Schematic diagram indicating how the system’s 
latched address lines are connected to all memory devices in a 
parallel fashion. 
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lines are multiplexed I/O. During a READ operation, the I/O lines of 
the memory are treated as memory data outputs. In a small system, 
the memory output lines can be connected directly to the system 
data bus. For our system, we are using memory data buffers. The 
2114 data lines serve as both input and output; therefore, bidirec- 
tional buffers are used. In the ROM system of Chap. 1, unidirec- 
tional buffers were used (74LS244’s) since data flow is from memory 
only. 

The bidirectional buffers must be enabled in the correct direc- 
tion when the system is reading data from the 2114. Required signal 
conditions are shown in Fig. 2-7. The bidirectional memory buffers 
will be enabled such that they are buffering data from the system 
data bus to the RAM except during a memory READ operation. This 
buffering is done so that there will be no bus conflict with the memo- 
ry bidirectional buffers and the system data bus. There will be no 
conflict with the memory data pins because the device will not be 
selected except when reading or writing to it. (See Fig. 2-8.) 


Memory 
Buffer 


Direction 
(a) 


‘1’ High 





Memory 
Buffer 
Direction (b) 
FIGURE 2-7. Timing diagram showing how the memory data 
buffers will be enabled during (a) a READ cycle, and (b) a WRITE 

cycle. 
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Bi- Directional 
Memory Buffer Static System RAM 






System 


Data Bus Tri-State 


There is no Bus Conflict Because the 
RAM is not Selected, Hence is 
Unaffected by Signals from the Buffer 


FIGURE 2-8. Block diagram of a possible bus conflict between 
the 2114 data output lines and the memory data buffer outputs. 
This conflict is avoided by proper control of the memory data buffer 
direction control line. 


From the preceding discussion, it has been shown that two 
electrical operations must occur during a memory READ operation. 
These are: 


1. Enable the 2114’s (pin 8 = logical 0). 
2. Bidirectional buffers are enabled in the correct direction. 


In the system under discussion, the bidirectional buffers will 
be enabled in the correct direction for a memory READ operation if 
the direction control line to the buffers is a logical 0. 

When writing to the 2114, the data in is applied to the data 
lines of the memory, and the chip enable and write enable lines are 
asserted. Since the 2114’s are common I/O devices, there are some 
timing restrictions on the WE and the CS inputs. When writing data 
to the 2114, the CS signal must not be asserted before the WE signal 
is asserted because when the CS signal is asserted, the 2114 outputs 
become active. If the outputs are active and the microprocessor is 
sending data into the device, a bus conflict will result. (See Fig. 2-9.) 

This potential problem can be eliminated by asserting the WE 
input and the CE input at approximately the same time. This action 
is consistent with the 2114 timing specifications. Figure 2-10 shows 
the timing required to realize the general functions of reading and 
writing data to the 2114 memory. In Fig. 2-10, the bidirectional 
buffer control is a logical 1 during a memory WRITE operation. Also 
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Data Input to Memory From the Microprocessor 
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FIGURE 2-9. Timing diagram showing the incorrect way to con- 
trol the memory data buffers. In this case, there will be a bus 
conflict as shown in Fig. 2-8. 


Data Input to 2114 Memory From CPU 
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Will Operate Correctly 


FIGURE 2-10. Timing diagram showing the correct way to con- 
trol the memory data buffers. In this instance, the bus conflict 
shown in Fig. 2—8 will be avoided. 
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shown in Fig. 2-10 are the three distinct memory control signals 
required for electrical communication with the 2114. These memory 
control signals are: 


1. Chip Enable Control. 
2. Write Enable Control. 
3. Memory Buffer Direction Control. 


2-5: THE 2114 MEMORY CONTROL LINES 


The schematic for generating the memory control lines for the 
2114 is shown in Fig. 2-11. The first point to note in Fig. 2-11 is that 
there are two almost identical circuits. The upper circuit is for gen- 
eration of the upper byte memory control signals D8—D15, and the 
lower circuit is for generation of the lower byte memory control 
signals DO—D7. 

The inputs to Fig. 2-11 are labeled “R/W,” “MSELA,” “UDS,” 
and “LDS.” These signals were discussed earlier in this text. Input 


74LS04 Direction Control 
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4 — Lower Byte 
> 5 6 CE Control 
LDS LSO8 a 
74LS$32 3 > WE 


LS32 


FIGURE 2-11. Schematic diagram showing how the control sig- 
nals for the memory data buffer contro! and interface signals are 
generated. 


2-5: THE 2114 MEMORY CONTROL LINES 45 


line MSELA of Fig. 2-11 is the memory select output that was dis- 
cussed in Fig. 2-4. Inputs R/W, UDS, and LDS are outputs from the 
68000, with UDS and LDS being timed control outputs. 

Let us examine the case where the microprocessor is reading a 
word (16 bits) from the system RAM. Under this condition, the in- 
puts of the circuit of Fig. 2-11 would be: 








1. R/W is a logical 1. This indicates a READ operation. 
2. MSELA (Select 3000—37FF = 0) is set in the active mode. 


_ With the inputs to Fig. 2-11 in these logical states, input pin 5 
of IC1 and IC2 will be a logical 1. This logical 1 will disable the OR 
gates. No matter what the logical states of the other inputs to the 
circuit of Fig. 2-11 are, the WE control line to the upper byte or the 
lower byte will not become asserted. It will remain a logical 1. 

The input pin 1 of [C1 and [C2 will be a logical 0. Input pin 13 
of IC1 and [C2 will be a logical 0. This is due to the MSELA line and 
the R/W line both set to a logical 0 at the same time. With these 
inputs at a logical 0 level, the corresponding OR gates are enabled. 
When the UDS and LDS timed control lines are set to a logical 0, the 
output pin 3 of [C1 and IC3 will become a logical 0. 

Output pin 3 of IC1 and IC8 is the buffer direction control for 
the upper and lower byte data. The bidirectional buffers for the 
upper and lower byte data will be enabled in the correct direction for 
a memory read. Further, output pins 3 and 6 of IC3 will be set toa 
logical 0. These outputs will force the CS input to the 2114’s to a 
logical 0. The 2114’s are now enabled, and data is placed on the 
system data bus. When the UDS and LDS timed control lines go to a 
logical 1, data from the 2114’s is removed from the system data bus. 

The electrical action just described will occur when a word (16 
bits) is read from the system memory. If a byte is to be read from 
memory, either the UDS or the LDS timed control line will become 
asserted. The line that does not become asserted will remain a logi- 
cal 1. Under these conditions, the circuit of Fig. 2-11 will operate 
exactly as described previously, with the exception that only one 
half of the complete circuit will become active—that is, either the 
upper byte RAM will be enabled onto the system data bus, or the 
lower byte RAM will be enabled onto the system data bus. The byte 
that is not enabled onto the system data bus will remain in the tri- 
state condition and will be floating electrically. 

Let us now follow the logic of Fig. 2-11 for the operation of 
writing a word (16 bits) to the system RAM. The input lines of Fig. 
2-11 will be as follows: 
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1. R/W will be a logical 0. This indicates a WRITE operation. 


2. MSELA will be a logical 0. This is the active mode for the 
signal. 


Under these conditions, input pin 5 of IC1 and [C2 in Fig. 2-11 
will be a logical 0, enabling these OR gates. When the UDS and the 
LDS timed control signals from the 68000 are asserted, pin 11 of IC1 
and IC2 will become a logical 0. This action forces output pin 6 of 
IC1 and IC2 to a logical 0. Output pin 6 of IC1 and IC2 is connected 
to the WE inputs to the 2114 RAMs. 

_ After one gate delay, the CE input to the 2114 RAMs is set to a 
logical 0. This is due to output pins 3 and 6 of the 74LS08 AND gate 
being set to a logical 0 via input pins 2 and 5. This sequence of 
events is exactly what is required when data are written to the 2114 
common I/O memory. (See Fig. 2-10.) That is, the WE input to the 
RAM becomes active before the memory chip is enabled via the CE 
input pin. This will prevent any bus conflict from occurring between 
the memory output lines and the bidirectional memory data buffer 
outputs. 

It can be seen from the schematic of Fig. 2-11 that the bidirec- 
tional data buffers do not have the direction control line changed 
from a logical 1 to a logical 0 during a memory WRITE operation. 
When writing data to either the upper byte or the lower byte of 
memory, only the section of Fig. 2-11 that provides the control in- 
puts to the memory will be active. The other byte does not have 
either the CS or the WE asserted. 








2-6: A COMPLETE SCHEMATIC OF A 1K x 
16-BIT RAM 


Figure 2-12 shows the complete schematic for a 1K x 16-bit 
static RAM system that will communicate with a 68000. We have 
discussed all of the circuits shown in Fig. 2-12 on an individual 
basis. These circuits are now connected to form a complete, working 
1K xX 16-bit static RAM system. 

Note that MSELB decoded memory line is not used in this 
example. The bidirectional data buffers are 74LS245’s. These are 
the same buffers that were discussed in Chap. 1 for the bidirectional 
buffering of the microprocessor data lines. 

Finally, the memory devices, the 2114’s, are connected to the 
address bus, the data bus, and the memory control lines in the 
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FIGURE 2-12. Schematic diagram of a complete schematic for a 1K x 16 static RAM for the 68000. 
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manner that was described previously. IC9 and IC10 are the lower 
data bytes DO—D7 of the memory. IC11 and IC12 are the upper data 
bytes D8—D15 of the memory. 


2-7: SEQUENCE OF EVENTS FOR A RAM 
READ 


Let us now discuss the sequence of electrical events required 
for the 68000 to perform the function of a memory READ from the 
system RAM. As each step in the sequence is given, you are asked to 
refer to the schematic shown in Fig. 2-12. This diagram will help to 
verify the hardware response to each event. The electrical sequence 
is as follows: 


1. Al—A23 are set to the memory address from which data are 
to be read. We are using address lines Al—A15 only in this 
example. 


2. AS is set to a logical 0. 


When this sequence occurs, the memory address is stable and ap- 
plied to the system memory address inputs. The address decoders 
will generate the correct memory address space lines, MSELA or 
MSELB. It should be pointed out that AS need not be electrically 
used by the system hardware. We list it in the sequence of events 
because this signal represents the point in time when the address is 
stable to the external hardware from the 68000. 








3. R/W is set to a logical 1 for a READ operation. 


These three events are under the control of the 68000. These outputs 
are set to the logical conditions dictated by the system software and 
will occur early in the memory operation cycle. The R/W, AS, and 
address lines may be thought of as static control events—that is, 
once set by the 68000 they will not change their logical state for the 
entire memory cycle. 


4. The UDS, LDS, or both control lines are set to a logical 0. 
This action electrically informs the system hardware that 
the 68000 is prepared to receive data from the memory. 


When these signals go to a logical 0, the data from the system 
memory are enabled onto the system data bus BDO—BD15 through 
the bidirectional data buffers IC7 and IC8 of Fig. 2-12. 
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5. Next, the external hardware must set the DTACK input to 
the 68000 to a logical 0. Our system will accomplish this 
exactly the same way as shown in Chap. 1. We will show 
other techniques for realizing this function later in this 
chapter. 

6. UDS, LDS, or both control lines are set to a logical 1 by the 
68000. 


7. AS is set to a logical 1 by the 68000. 


Events 6 and 7 terminate the overall system operation. The external 
hardware is electrically informed that the memory cycle is 
complete. 


2-8: SEQUENCE OF EVENTS FOR A RAM 
WRITE 


In this section, we will discuss the sequence of electrical events 
for writing data to the system RAM with the 68000. You may refer 
to Fig. 2-12 to verify the effect of each event on the system hard- 
ware. The sequence is as follows: 


1. Al—A23 are set to the memory address where data will be 
written. 


2. AS is set to a logical 0 under the control of the 68000. 


The address decoders are now enabled to generate the correct ad- 
dress space enable lines, MSELA or MSELB. 








3. R/W is set to a logical 0, indicating a WRITE operation. 


4. DO-—D15 will place data to be written to the memory on the 
system data bus. The origin of data is from the 68000. 


Referring to Fig. 2-12, we see that the data on the system data 
bus are placed directly at the 2114 data input pins. The bidirectional 
buffers are enabled in the correct direction. However, the 2114 de- 
vice has not been electrically informed of a WRITE operation, nor 
has the 2114 been electrically selected. 


5. UDS, LDS, or both are set to a logical 0 under the control of 
the 68000. 


When these signals are set to a logical 0, the 2114 has the WE 
and the CS input lines asserted. This is accomplished by the control 
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circuits that were discussed in Fig. 2-11. The data that are currently 
on the system data bus are now written into the system memory at 
the address specified by the system address address bus. 


6. The system hardware now sets the DTACK input to the 
68000 to a logical 0. 

7. UDS, LDS, or both are set to a logical 1 by the 68000. On 
this edge of the UDS or LDS signals, the WRITE data 
should be strobed into the memory. 

8. AS is set to a logical 1 under the control of the 68000. 





THE HARDWARE OPERATION IS NOW COMPLETE. 


2-9: SUMMARY OF READ AND WRITE 
EVENTS 


The following is a list of the sequence of electrical events for 
reading and writing data to the system RAM. Refer to this list in 
later chapters, when we discuss troubleshooting the system. 


READ Sequence 


A1—A23 are set to the address for the memory read. 
. AS is set to a logical 0. 

. R/W is set to a logical 1. 

. UDS, LDS, or both are set to a logical 0. 

. DTACK is set to a logical 0 via external hardware. 
. UDS and LDS are set to a logical 1. 

. AS is set to a logical 1. 


IAHR WD 


This terminates the system READ operation. 


WRITE Sequence 


. Al—A23 are set to the address for the memory write. 
. AS is set to a logical 0. 
. R/W is set to a logical 0. 


. DO-—D15 are set to the data to be written at the address 
specified. 


m™ © db 
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5. UDS, LDS, or both are set to a logical 0. 

6. DTACK is set to a logical 0 via external hardware. 
7. UDS and LDS are set to a logical 1. 

8. AS is set to a logical 1. 


The memory WRITE operation is complete. 


2-10: EXTENDING READ AND WRITE 
ACCESS TIME WITH DTACK 


In this section, we will discuss how the read and write access 
time for a memory operation can be extended using the DTACK 
input to the 68000. We will show a circuit that will allow a preset 
delay to occur. Further, the circuit will delay only during a particu- 
lar address space—that is, one section of physical memory may be 
slower than another. When the slow memory space is enabled, the 
DTACK input will be delayed. 

To begin this discussion, let us review the function of the 
DTACK input to the 68000. When the 68000 asserts the UDS or the 
LDS control signal, it electrically informs the external hardware 
that the CPU is ready to receive data for a READ operation or 
output data for a WRITE operation. The external hardware must 
now electrically inform the 68000 if it is electrically prepared to 
receive or send data. 

There are several reasons for the external hardware not being 
prepared: 





1. The memory has not had enough time to access the address 
location. 


2. The dynamic RAM is being refreshed. 


3. The external device is waiting for some other hardware re- 
sponse before sending or receiving data from the 68000. 


Whatever the reason, we will assume that the external hardware is 
not electrically prepared to complete the communication started by 
the 68000. 

To solve this problem, we will delay the DTACK input to the 
68000 for an integer number of clock cycles. This is equivalent to 
delaying the DTACK for a certain amount of time. Further, we can 
set the amount of time to be delayed via a DIP switch. Figure 2-13 
shows a schematic of this type of circuit. 
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FIGURE 2-13. Schematic diagram for generating delays using 





the DTACK input signal to the 68000. 


The circuit of Fig. 2-13 operates in this way: We must first 
assume that the 68000 is starting a new memory READ or WRITE 
cycle and that the UDS, LDS, and AS control lines are a logical 1. 
With AS at the logical 1 level, the output pins 13, 14, and 15 of IC4 


are a logical 1. Pin 3 of the 74LS00 NAND gate, IC1, is a logical 0 
due to UDS and LDS at a logical 1. 
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When pin 3 of ICI is a logical 0, the load input to the 74LS197 
counter, IC2, is a logical 0. A logical 0 on the load input will preset 
the QA, QB, QC, QD outputs of the counter. The Q outputs will be 
preset to the logical value set on the A, B, C, D inputs. These inputs 
are connected to a DIP switch. When the switch is closed, the input 
is a logical 0. When the switch is open, the input is a logical 1. 

Let us now assume that input switches A and B are closed. 
This means that the logical state of the inputs to the counter are 1 1 
0 0. This is “C” in hexadecimal notation. With the UDS and LDS 
outputs from the 68000 in the logical 1 state, the outputs of the 
counter are preset to 1 1 0 0. With the load input to the counter in 
the logical 0 state, the clock inputs to the counter will have no effect. 

Next, let us assume that the AS output from the 68000 has 
been set to a logical 0. The 74LS138 device will now become enabled. 
If the address space was decoded as “fast memory space,” the input 
to the AND gate, IC3, pin 5, will be a logical 0. The DTACK input to 
the 68000 will then be a logical 0. The result will be no delay. The 
logical state of the counter is of no consequence for the “fast memory 
space.” 

Assume now that the system address space is decoding the 
“slow memory space.” In this instance, output pin 15 of the 74LS138 
will be a logical 1. The input to the AND gate, IC3, pin 5, will bea 
logical 1. DTACK is not asserted. The output of the 74LS20 NAND 
gate, pin 6, is now dependent on the counter action. 

The 68000 now asserts the UDS, LDS, or both control signals, 
and the DTACK input to the 68000 is a logical 1 due to both input 
pins 4 and 5 of the AND gate IC3 being a logical 1. When either 
UDS or LDS becomes asserted, the load input to the 74LS197 coun- 
ter is set to a logical 1. The counter will begin to count at the input 
clock rate. 

The count starts at the “preset” value of 1 1 0 0. Count ad- 
vances by one at each clock input. The count sequence is 1101,11 
10,1111. When the count reaches 1 1 1 1, the four inputs to the 
74LS20 NAND gate are all logical 1. The output of the NAND gate 
will be a logical 0. This logical 0 will force the output of the 74LS08 
pin 6 to a logical 0. The DTACK input to the 68000 is now set to a 
logical 0. This action will end the delay, and the 68000 will resume 
normal execution of the READ or WRITE cycle. 

When output pin 6 of the 74LS20 becomes a logical 0, the clock 
input to the counter is halted. At the end of the 68000 memory cycle, 
the UDS, LDS, and AS control lines are again set to a logical 1. The 
sequence of events now starts over with the load input to the counter 
becoming a logical 0. 

From this discussion, it can be seen that up to 15 clock cycles of 
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the 74LS197 can be delayed. Note that the clock input frequency is 
one-half of the 68000 clock frequency. This will give a total delay of 
thirty (30) 68000 clock cycles. The total delay can be determined by 
setting the switches on the counter preset inputs. A technique such 
as this will allow a system to perform at maximum speed, based on 
the type or grade of memories. If the grade of memories has a fast 
access time, then the delay can be eliminated by setting all of the 
switches to open. This will preset the counter to 1 1 1 1. If the 
memories are such that the access time is slower, the system can 
still operate but at a reduced speed. Figures 2-14 and 2-15 show 
important signal relationships for the schematic of Fig. 2-13. 

It must be stressed that the technique shown here is an exam- 
ple of how the DTACK input to the 68000 can be used to delay the 
communication process. Several points were brought out in the dis- 
cussion that may be of help when designing or troubleshooting dif- 
ferent systems. 


2-11: CHAPTER SUMMARY 


In this chapter, the details of how the 68000 communicates 
with static RAM were discussed using the 2114 common I/O RAM as 
the main memory. This RAM was chosen because it is in wide gener- 
al use in the industry. Further, if one can understand the details for 
using this memory, then relating these details to other memories 
will be an easier task. 

The circuits shown in this chapter were designed to demon- 
strate what is needed to perform electrical communication between 
the 68000 and a static RAM. 





Fast Memory Space Slow Memory Space 


FIGURE 2-14. Timing diagram showing how the DTACK input to 
the 68000 will be delayed for slow memories. 
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FIGURE 2-15. Timing diagram showing relationships of different 
signals of Fig. 2-13. 


There are many different techniques that can be employed to 
realize each of the circuits described in this chapter. It was felt that 
if the reader could actually see how it could be accomplished, and 
follow the logic all the way, then improving on the scheme would be 
natural for the user and system designer. For the hardware person 
who will be troubleshooting the system, knowing how the system is 
supposed to operate is the first step. Once it is understood how the 
68000 performs the communication, then following the logic of a 
particular system as it realizes this function is made easier. 

The sequence of events that the 68000 will perform whenever a 
static RAM operation occurs in the system was presented. This se- 
quence is a very valuable tool for the system troubleshooter. Using 
this sequence of events and Static Stimulus Testing, a quick ver- 
ification of the hardware of the system can be made. A clear demon- 
stration of how this works will be given later in the text in a trou- 
bleshooting problem. 

Finally, we presented a technique for extending the READ or 
WRITE access time. This technique employed the use of delaying 
the DTACK input to the 68000. 


CHAPTER 3 


68000 INPUT AND 
OUTPUT (I/O) 


Two major hardware operations that a microprocessor per- 
forms electrically are reading data from an input device and writing 
data to an output device. To troubleshoot and interface micro- 
processor hardware effectively, a firm understanding of these hard- 
ware operations is required. This chapter will focus on the details of 
how the 68000 performs electrical communication with an input and 
output device. 

A general input and output (I/O) port will be designed. The 
port will be constructed using discrete logic devices. We present I/O 
at this point because electrical communication with I/O is similar to 
operations performed with static RAM. In fact, as we progress 
through this chapter, you will be able to see strong similarities in 
communications between the microprocessor and static RAM and to 
and from the microprocessor and I/O. The 68000 is designed for use 
with a memory-mapped I/O architecture. Therefore, the software of 
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the 68000 makes no distinction between memory and I/O commu- 
nications. The difference is in the external circuits that comprise the 
input and output ports. 


3-1: OVERVIEW OF 68000 |/O 


There are three major types of hardware I/O operations that 
are performed by the 68000 (see Fig. 3-1). No matter what software 
instruction may be used to generate the I/O operation, the hardware 
will electrically respond in the manner described in this chapter. In 
Fig. 3-1, we can see that the microprocessor will electrically read or 
write an entire word (16 bits) in a parallel fashion to or from an I/O 
device, or it will electrically read or write a byte (8 bits) to or from 
an I/O device. 

In the byte mode, the 68000 will read or write from the upper 
byte (D8—D15) or the lower byte (DO—D7). These electrical actions 
are very similar to reading or writing data to static RAM. It should 


D8 D7 





FIGURE 3-1. Block diagram showing the possible communica- 
tion between the 68000 and an input or output port. 

a) The 68000 can read or write an entire word (16 bits) during a 
single I/O transfer. 

b) The 68000 can read or write data to bits DO—D7 only. The “X” 
indicates the upper byte of the data will not be disturbed during this 
particular I/O transfer. 

c) The 68000 can read or write data to bits D8—D15 only. The “X” 
indicates the lower byte of the data will not be disturbed during this 
particular I/O transfer. 


58 68000 INPUT AND OUTPUT (I/O) 


be mentioned that I/O operations on 1 byte only, 8 bits, make the 
68000 compatible with many standard I/O devices used with 8-bit 
microprocessors. We will discuss how to interface to 6800 I/O devices 
and concentrate on the interface of a 6800 PIA in Chap. 4. 


3-2: THE PORT ADDRESS 


As stated previously, the 68000 supports only one type of I/O 
architecture, memory-mapped I/O. In a 68000 system, all 23 address 
lines are available for I/O decoding. If your background in 8-bit 
microprocessors includes 6800 experience, then this is not a new 
concept for you. Some of the 8-bit microprocessors, such as the 8080 
and the 8085, use only 8 of the total 16 address lines to address I/O 
ports. If memory-mapped, linear select I/O is used, there are now 22 
unique I/O ports. This is more than twice the number available 
using linear select I/O in most 8-bit microprocessors. 

The address lines used for I/O addressing are the same as those 
used for system memory addressing. It will be shown later how the 
microprocessor will electrically separate the memory requests from 
the I/O requests. Not all 23 address lines need be used for system I/ 
O, just as we do not need to use all available address lines for system 
memory. The general I/O port we will consider in this chapter will 
use all 23 address lines. 

Each I/O port in a system will respond to a unique combination 
of bits on the address bus. The address combination is called the 
“port address.” Port addresses for the I/O device under consideration 
are designated FFFFFE or FFFFFF. The port will electrically re- 
spond to either of these system address combinations. Figure 3-2 
shows a schematic diagram for detecting this port address. Notice 
that we show only 22 address lines in the I/O address of Fig. 3-2. 
Address line A23 will be used to separate the I/O space from the 
memory space. When A23 is a logical 1, I/O is wanted. When A23 is 
a logical 0, memory is wanted. 

Referring to Fig. 3-2, we see that output pin 8 of all 74LS30’s 
will be logical 0 if, and only if, all input lines are logical 1. The 
output of the 74LS32 OR gate (pin 3) will be a logical 0 only when 
both NAND gate outputs, IC1 and IC2, are a logical 0. Output pin 3 
of the 74LS32 is connected to input pin 4. When both input pins 4 
and 5 of the 74LS32 OR gate are a logical 0, output pin 6 is a logical 
0. Output pin 6 is labeled the “port select” line. The port select line 
is only active logical 0 when the system address bus is logically 
equal to the unique select code of the port. 
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FIGURE 3-2. Schematic diagram showing how the port select 
signal can be generated with hardware. The port will respond to 
address FFFFFF or FFFFFE. 


Note that the port select line can become active even when no 
I/O communication is occurring in the system. This is due to the fact 
that the system memory is also using the same address lines. For 
example, if the microprocessor is reading data from the memory 
address 7FFFFE or 7FFFFF, the port select line of Fig. 3-2 will 
become active. This fact is important to know for the hardware 
troubleshooter. When checking a microprocessor controlled system, 
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do not be surprised if the port select line gives indications of being 
selected even at a time when no software instructions indicate sys- 
tem communication with the port. This is a valid condition and 
should not lead you to think there is a malfunction. 


3-3: GENERATING THE l[ORQ CONTROL 
LINE 


In this section, we will discuss how the 68000 can be made to 
generate the electrical signal which indicates that an I/O operation 
will occur. The 68000 is unlike the 8086 and the Z8000 16-bit micro- 
processors in that those two microprocessors support a separate I/O 
architecture. Only one I/O architecture is supported by the 68000. 
This is the memory-mapped I/O architecture. 

Memory-mapped I/O architecture means that some of the sys- 
tem memory space is reserved solely for input and output opera- 
tions. The advantage of this type of I/O architecture is that all mem- 
ory software operations are available for use with [T/O. A 
disadvantage of memory-mapped I/O is that a portion of the avail- 
able memory space is used up. 

Regardless of the advantages or disadvantages of memory- 
mapped I/O, it is the only choice to be made when using the 68000. 
With this fact in mind, an electrical output signal must be gener- 
ated that is under the control of the 68000. The 68000 will indicate 
that an I/O operation is about to occur in the system hardware. 

The technique we will use is quite simple—i.e., address line 
A23. Whenever address line A23 is a logical 1, the 68000 will be 
performing [/O. This technique is also quite wasteful in terms of 
memory space. In fact, one-half of the system memory space is used 
for I/O. In some systems, this may be satisfactory. In other applica- 
tions, a portion of the system address bus can be decoded to generate 
the IORQ control line. 

In the examples that follow, the use of address line A23 to 
generate the IORQ line will be shown. 





3-4: GENERATION OF THE PORT WRITE 
SIGNAL 


The port write signal for a 68000 system will be defined as the 
write enable strobe for a unique output port. The port write must be 
qualified by both the PORT SELECT and the IORQ signal. The 
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function of the port write signal is to provide the active digital 
signal by which the data from the microprocessor is latched or writ- 
ten into an output port. 

With the output port data width defined as 16 bits, the 68000 
has the capability of communicating electrically with the upper 
byte, lower byte, or the entire 16-bit word. The hardware must pro- 
vide a write strobe that is active on the upper byte, lower byte, or 
both bytes. We must keep this goal in mind when the hardware is 
designed in order to achieve this capability. The diagram of Fig. 3-3 
shows the general timing sequence that will be used. Notice in that 
illustration that all of the control signals, except UDS and LDS, can 
be thought of as static control logic levels. These signals voltage 
levels will remain stable for the entire hardware operation. Using 
this concept and the timing diagram of Fig. 3-3, the schematic of 
Fig. 3-4 can be realized. 
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FIGURE 3-3. Timing diagram of the important signals during an 
output WAITE operation with the 68000. 
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Referring to Fig. 3-4, the inputs to OR gate pins 1 and 2 are 
PORT SELECT and A238. During an output operation, A23 will bea 
logical 1 and the PORT SELECT will be a logical 0. Further, if the 
68000 is performing an output WRITE operation, the R/W line will 
be a logical 0. 

With the input lines of Fig. 3-4 set to the logical conditions just 
described, output pin 3 of IC1 will be a logical 0 and output pin 6 of 
IC1 will be a logical 0. With output pin 6 a logical 0, the two OR 
gates with output pins 11 and 8 will be enabled. 

With these two OR gates becoming enabled, either the upper 
byte of data, the lower byte of data, or both bytes will be strobed. 
When the UDS, LDS, or both of these timed control signals are 
asserted by the 68000, output pin 11, output pin 8, or both outputs 
will be asserted. 

Using the logic of Fig. 3-4, the upper or lower output port byte 
strobe can be enabled. It would be an electrical communication di- 
saster to assert both the upper and lower byte strobes during a byte 
operation in that the byte which was supposed to be left undisturbed 
would be changed as well as the byte that was meant to be changed. 
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FIGURE 3-4. Schematic diagram showing how the port write 
strobes will be generated with hardware. 
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Note, however, that it would be a problem only if both upper and 
lower bytes of the selected I/O port were being used. An 8-bit I/O 
port can be designed and used with the 68000. The data inputs to the 
port are connected, to either the upper bits D8—D15 or the lower bits 
DO—D7. The port write is then designed to operate on either the 
upper or the lower byte. 


3-5: GENERATION OF THE PORT READ 
SIGNAL 


The discussion will now center on how the 68000 performs the 
function of reading data from a 16-bit input port. In this discussion, 
it should be noted that the microprocessor can perform input opera- 
tions on either the upper byte or the lower byte. However, when 
reading data, there need not be as much concern with this fact as 
with writing data to an output port. This is because the hardware 
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FIGURE 3-5. Timing diagram of the important signals during an 
input READ operation with the 68000. 
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can enable both bytes on the system data bus and let the 68000 
electrically input the byte it requires. This is feasible only if the 
bidirectional buffers on the 68000 cause no bus conflicts on either 
the upper or the lower byte. If no bidirectional buffers are used, this 
need not be of concern. This same reasoning was used in Chap. 1, 
where the 68000 was reading data from system ROM. Keeping this 
in mind, let us examine the important points of an input operation. 

The timing diagram of Fig. 3-5 gives a general sequence of 
electrical events that will occur during an input port read operation. 
The port select signal is exactly the same as was shown for the 
output port select signal. The IORQ signal is the same as was gener- 
ated for an output operation. The R/W signal will be a logical 1, 
indicative of a READ operation. ee — 

Two important signals shown in Fig. 3-5 are the UDS and LDS 
timed control lines. These are timed signals sent to the input port 
hardware that will electrically start the data transfer. When one or 
both of these signals goes to a logical 0, the data from the input port 
are placed onto the system data bus. During that time, the input 
port data are input to the physical data pins of the 68000. Later, 
UDS and LDS will go to a logical 1. When this occurs, the input port 
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FIGURE 3-6. Schematic diagram showing how the port read 
strobes will be generated with hardware. 
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data are latched into the 68000 CPU and electrically removed from 
the system data bus. 

Figure 3-6 shows one way to generate a port read signal based 
on the logical conditions of the timing diagram shown in Fig. 3-5. In 
Fig. 3-6, the output pin 3 of IC1 will be a logical 0 if, and only if, the 
PORT SELECT is a logical 0 and A23 is a logical 1. This is the active 
state of an enabled input port. Pin 3 of the 74LS32, IC1, is input to 
pin 4 of IC1. Pin 5 is the inverted logical condition of the R/W control 
signal from the 68000. When the R/W is a logical 1, indicating a 
READ operation, pin 5 of the 74LS32, IC1, is a logical 0. With both 
pins 4 and 5 a logical 0, output pin 6 will be a logical 0. 

A logical 0 on pin 6 will set pins 13 and 9 of the 74LS32, IC1, to 
a logical 0. When UDS, LDS, or both timed control signals from the 
68000 are a logical 0, output pin 11, 8, or both will become a logical 
0. These output pins are used by the system input port to place the 
data electrically from the input port onto the system data bus. In 
effect, these signals will be the tri-state control signal for the input 
port. 





3-6: COMPLETE SCHEMATIC FOR AN I/O 
PORT 


In this section, the sequence of events for an I/O READ and 
WRITE operation will be presented. As the sequence is given, refer- 
ence will be made to Fig. 3-7, which shows the complete schematic 
for a general 16-bit I/O port. At each particular step in the sequence, 
a discussion of the corresponding hardware response that occurs will 
be given. We start with the 68000 performing an output operation. 


1. First, address lines Al—A23 are set to the desired output 
address under the control of the 68000. 


The output address lines are now decoded by the port select hard- 
ware that was shown in Fig. 3-1. In Fig. 3-7, we see that input pin 4 
of IC3 will become active logical 0 when the correct system address 
is output. ‘ 


2. The AS signal now goes to a logical 0 under the control of 
the 68000. 


This signal indicates that the address lines contain a stable address. 
AS will remain a logical 0 until the end of the current memory cycle. 
The AS signal does not have to be used in applying the address to 
the system. 
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FIGURE 3-7. Complete schematic diagram of a general 16-bit 
input and output port for use with the 68000. The port will respond 
to I/O address FFFFFF or FFFFFE. 


3. Next, the R/W is set toa logical 0, indicative of a WRITE 
operation. 


4. The 68000 now outputs the electrical data to be written to 
the output port. In Fig. 3-7, notice that data inputs are now 
valid at the 74LS374 octal latches, IC7 and IC8. 


5. UDS, LDS, or both are set to a logical 0 by the 68000. 
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These signals will clock the inputs to either one (byte) or both (word) 
of the 74LS374 latches IC7 and IC9 to a logical 0. The 74LS374 will 
strobe the data into the latch on the positive-going edge of the clock 
signal. 


6. Next, the DTACK is asserted by the external hardware. 
This action will occur in the same way as described for a 
memory operation. 


7. UDS, LDS, and AS are set to a logical 1 by the 68000. 


When this occurs, the clock inputs to the 74LS374 latches are set to 
a logical 1. The data that was present at the latch inputs is strobed 
into the device. The positive-going edge of this signal is the end of 
the I/O WRITE operation. The microprocessor sets up to perform 
another hardware operation electrically. 

Let us now discuss the sequence of events that the 68000 will 
perform when reading data from the input port of Fig. 3-7. The 
major events that will occur in an I/O READ operation are the same 
as for an I/O WRITE operation except that the R/W control signal is 
a logical 1. This indicates a READ operation. 

The 74LS32 OR gate, IC4 of Fig. 3-7, will have input pin 5 at a 
logical 1. This is due to the R/W input pin 3 of IC9 at a logical 1 
state. With this input in the logical 1 state, the port write strobes 
will be disabled. In this fashion, the output operation is electrically 
disabled when performing an input read. 

At this time, the input port decoding logic IC3, IC4, will have a 
logical 0 on pins 10 and 1. The data from the input port is not yet 
enabled onto the system data bus. The hardware is waiting for the 
timed control signal UDS or LDS to become active. 





UDS OR LDS ARE SET TO A LOGICAL 0 BY THE 68000. 


This is a hardware indication that the microprocessor is elec- 
trically ready to receive data from the input port. When UDS or LDS 
is a logical 0, the enable input lines pins 1 and 19 of the 74LS240’s 
IC5 and IC6 are set to a logical 0. This logical condition will enable 
these devices. The result is that whatever data was at the input to 
the 74LS240 buffers is now output to the system data bus. During 
this time, the data will be logically placed on the 68000 data input 
lines. 








DTACK INPUT IS SET TO A LOGICAL 0 VIA THE EXTERNAL 
HARDWARE. 
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UDS, LDS, AND AS ARE SET TO A LOGICAL 1 BY THE 
68000. 


At this time, the data from the input port are strobed into the 
68000 and are removed electrically from the system data bus. The 
system operation is now complete. 


3-7: SUMMARY OF ELECTRICAL EVENTS 
FOR AN I/O OPERATION 


In this section, a list of electrical sequences of events that will 
occur for an input and output operation with the 68000 is given. 


Output WRITE Sequence 


1. Al—A23 are set to the correct output port address. 
2. AS is set to a logical 0. 

3. R/W is set to a logical 0. 

4 


. DO-D15 are set to the correct data to be written to the 
output port. 


5. UDS, LDS, or both are set to a logical 0. 
6. DTACK is set to a logical 0 via external hardware. 
7. UDS, LDS, and AS are set to a logical 1. 











Input READ Sequence 


. Al—A23 are set to the correct input port address. 

. AS is set to a logical 0. 

. R/W is set to a logical 1. 

, UDS, LDS, or both are set to a logical 0. 

. DTACK input is set to a logical 0 via external hardware. 
. UDS, LDS, and AS are set to a logical 1. 


anDonrkrk WN 


3-8: DTACK INPUT FOR AN 1/0 OPERATION 


When the 68000 performs a standard I/O operation, the 
DTACK input to the device must be asserted by external hardware. 
This is exactly what was done for a memory operation. We will 





3-9: CHAPTER SUMMARY 69 


assume in this input and output operation that the I/O device is fast 
enough to respond to the 68000 with no additional wait states. 
Therefore we will assert the DTACK input to the 68000 exactly the 
same as for static RAM. This technique was shown in detail in 
Chap. 1. The circuit is repeated here in Fig. 3-8. 


3-9: CHAPTER SUMMARY 


In this chapter, we have presented and discussed how the 
68000 performs general input and output operations. Some hard- 
ware decoding techniques were shown and discussed. The designs 
given in this chapter are meant only as instructional aids. At the 
end of this chapter, the complete sequence of events that will occur 
during an input and output operation were listed. 






74LS08 





FIGURE 3-—8a. Schematic diagram showing how the DTACK in- 
put to the 68000 will be asserted in the I/O cycle. 

FIGURE 3-8b. Timing diagram showing the timing relationship 
between the UDS, LDS and DTACK signals for the 68000. 
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For the person who will troubleshoot or debug the hardware of 
a 68000 system, learning this sequence of events is a good starting 
point to understanding the hardware of I/O operations. Reference 
will be made to this sequence of events in later chapters, where the 
details of troubleshooting an input and output port using Static 
Stimulus Testing are covered. 


CHAPTER 4 


INTERFACING A 
68000 TO A 6800 
PERIPHERAL 
DEVICE 





In this chapter, we will discuss how to interface a 6800 pe- 
ripheral device to a 68000 microprocessor. The I/O device we will 
use is the Motorola 6821 PIA. PIA stands for “Peripheral Interface 
Adapter.” It will be shown how the I/O device is enabled and com- 
municated with in a system environment. The discussion will be 
general enough so that you may see how these types of devices are 
used with the 68000. However, we will also be specific so that you 
may see exactly how to interface this particular device. 

The discussion will start with a review of the PIA device, and 
we will not go into great detail concerning device operation. Such a 
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discussion is better suited to a manufacturer’s data sheet. Rather, 
the PIA will be presented at a level of discussion that will allow you 
to understand how it can communicate with the 68000 
microprocessor. 

Following the review of the PIA, we will show how the device 
operates in a typical system. The discussion of a particular PIA will 
allow you tc see exactly how the 68000 can electrically communicate 
with what is basically an 8-bit I/O device. 

Finally, after explaining how the PIA operates in the system 
environment, we will show some 68000 software that will allow 
electrical communication between the 6821 PIA and the CPU. 


4-1: OVERVIEW OF THE MOTOROLA 6821 
PIA 


In this section, we will discuss how the 6821 PIA operates. The 
discussion will be limited to using the PIA in only two ways—that 
is, aS a general 8-bit input port, or an 8-bit output port. The device is 
capable of many different operating modes. However, if we were to 
discuss each operating mode, it would require a chapter just on the 
device. 

This discussion treats the PIA in an elementary form so that 
we may focus our efforts on how to interface the 68000 to the input 
and output device, rather than on how any specific device operates. 

It is essential to know how the 6821 PIA operates in any specif- 
ic system environment before making an attempt to interface or 
troubleshoot the circuit. We must know “what should be there”; 
otherwise measurements made and data acquired tell us nothing. 

The 6821 PIA is shown in block diagram form in Fig. 4-1. We 
see in Fig. 4-1 that the device has three major groupings of I/O lines. 
These are Group A (PA), Group B (PB), and Control Group (CA, CB). 
The actual function of these lines is dependent on how the device is 
meant to be used in the system. 

For example, Group A can be set to all output lines, and Group 
B can be set to all input lines. Both groups can be outputs or inputs. 
One should refer to the manufacturer’s data sheet on this device for 
specific information on all of the modes of operation. A data sheet for 
the 6821 is given in the Appendix. 

The mode we will be interested in is when groups A and B are 
outputs or inputs. To set the PIA in the mode we desire, it must be 
programmed. By “programmed,” we mean the device must have 
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FIGURE 4-1. Block diagram of the 6821 PIA device showing 
basic internal registers. 











Contro: 
Register 8 


data sent to it by the microprocessor. This data will define exactly 
how the groups at the output will behave electrically. 

When the microprocessor is programming or “setting up” the 
PIA, data is sent to the device in exactly the same way as when the 
microprocessor is performing any output operation. The hardware of 
the system must inform the PIA electrically that the data being sent 
by the microprocessor is programming data and not output data. 
This is accomplished by asserting various logical inputs of the PIA. 
Let us discuss some of these inputs and what their function is in the 
device. 

Figure 4-2 shows the physical input pins of the PIA. We see in 
Fig. 4-2 pins labeled “DO—D7.” These are the data input and output 
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FIGURE 4-2. Pinout diagram for the PIA showing the inputs to 
the device from the microprocessor system. 


lines for communication with the microprocessor. The PIA is an 8- 
bit device which requires only 8 data lines. This will not present a 
problem with the 16-bit 68000, as we will connect the 8 data lines to 
the upper or lower byte of a 16-bit data bus. 

The next input pins on the PIA shown in Fig. 4-2 are labeled 
“CSO, CS1, and CS2.” These are the chip enable inputs. When CSO 
= 1, CS1 = 1, and CS2 = 0, the PIA device is enabled. With the. 
device enabled, it is possible to establish electrical communication 
between the PIA and the microprocessor. The term “is possible” was 
used because other PIA input lines must be in the correct logical 
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state to qualify the chip enable inputs to the device. The CSO, CS1, 
and CS2 input pins perform a function similar to the chip enable 
input on the 2716 EPROMs that were discussed in Chap. 1. 

The R/W input pin 21 on the PIA shown in Fig. 4-2 is active 
logical 1 whenever the microprocessor is reading data from the de- 
vice. When this pin is a logical 0, the microprocessor is writing data 
to the device. Therefore, when the CSO, CS1, and CS2 are all as- 
serted, and the R/W is a logical 1, the microprocessor is reading data 
from the PIA. If the preceding conditions exist but the R/W line is a 
logical 0, the microprocessor is writing data to the PIA. 

More control inputs labeled “RSO, RS1” are pins 35 and 36 
shown in Fig. 4-2. These input signals define which internal group 
of registers the microprocessor is reading or writing data to during 
the I/O operation. Additional information on these input lines will 
be given when programming of the PIA is discussed. 

Input pin 34 of Fig. 4-2 is labeled “RESET.” This input line is 
normally connected to the system reset signal. By asserting this 
input, the PIA can be preset to a known operating state. This is 
useful so that no bus conflicts will exist at power up. 

The final signal to discuss in Fig. 4-2 is the ENABLE (E) or 
clock input line. The clock is used to synchronize all transfers be- 
tween the microprocessor and the PIA. Although the clock can be 
free-running, the PIA is not a dynamic device—that is, the clock can 
stop and no internal information will be lost. This fact will be useful 
when debugging the PIA using SST. 
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Now that we have had a brief introduction to the physical 
signals of the PIA, we will discuss how to use the device. First, we 
will set the PIA into a mode where it consists of two general-purpose 
8-bit output ports—that is, a mode in which both port A and port B 
are functioning as output ports. This will give the device a total of 
16 unique output lines. (See Fig. 4-3.) 

To set up the PIA programming electrically, data must be writ- 
ten to it by the microprocessor. The programming data will define 
the function of ports A and B. The programming data that the mi- 
croprocessor must write to the PIA is shown in Fig. 4-4. The correct 
data bytes were obtained from a data sheet on the PIA. One is asked 
to accept that these words will set up the PIA in the correct way. 

The microprocessor will perform six output operations to the 
PIA. The first three bytes output will define the Group A I/O sig- 
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FIGURE 4-3. Pinout diagram of the device I/O lines showing 
both ports A and B programmed as outputs. This will result in a total 
of 16 physical output lines. 


Function RS1 RSO DATA 
CONTROL REGA 0 1 00 
CONTROL REG B 1 1 OO 
DATA REGA 0 0 FF : 
DATA REGB 1 0 EF } set lines to Output 
CONTROL REGA 0 1 04 
CONTEOL REG B 1 1 04 


PA and PB = Output Ports 


WRITE DATA PA 0 0 
WRITE DATA PB 1 0 


FIGURE 4-4. P/A command words that will cause the 6821 to be 
programmed with both port A and port B as output ports. 
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nals. These signals will be defined as output only. This means that 
the entire group of lines labeled “PAO—PA7” are output lines from 
the PIA. To write data from the microprocessor into the internal 
registers of the PIA, certain external signals on the PIA must be in 
the proper logical state. | ee 

Signals under consideration are: CSO, CS1, CS2, R/W, RSO, 
RS1 and ENABLE (E). To program the Group A lines on the PIA, 
RSO, RS1 signal inputs will be (0 1), respectively. (See Fig. 4.4.) We 
are writing data into Control Register A. When writing data to the 
PIA, the device must be enabled. Therefore, the CSO, CS1, and CS2 
must be in the correct logical state for assertion. 

If the PIA were interfaced to a 6800 microprocessor, one of the 
CSO or CS1 lines would be connected to the VMA output line from 
the CPU. The other chip select lines will be decoded in a standard 
memory-mapped fashion. 

The R/W input to the 6821 will be a logical 0, defining the I/O 
transfer as a WRITE operation. CPU data lines will output informa- 
tion to the 6821 data lines. The byte to be output will be 00 in 
hexadecimal. 

Finally, the ENABLE input, which is usually Phase 2 for a 
6800 system, will synchronize the transfer. (This is shown in the 
timing diagrams of Fig. 4-5.) 

To program the Group A signals fully, the 6800 would write 
the data words to the internal registers as follows: 


REGISTER RS1 RSO DATA (hexadecimal) 
Control Register A 0 1 0 0 
Data Register A 0 0 F F 
Control Register A 0 1 0 4 


The Group A signals are now ready to accept output data from the 
6800 microprocessor and place the data on the port A lines as shown 
in Fig. 4-3. 

The Group A signals are now programmed as outputs. The 
Group B signals have not been programmed. The data bytes to pro- 
gram the B group in the PIA are exactly the same as the bytes 
required to program the A group. The only difference in the pro- 
gramming is the inputs RSO and RS1 must be set to different inter- 
nal register numbers. This will indicate to the PIA that the registers 
for port B will be communicated with. The data words for program- 
ming port B to all outputs are as follows: 
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REGISTER RS1 RSO DATA (hexadecimal) 
Control Register B 1 1 0 0 
Data Register B 1 0 F OF 
Control Register B 1 1 0 4 


Group B signals are now set up to output data from the 6800 micro- 
processor to the port B device pins, as shown in Fig. 4-3. 


BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 
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FIGURE 1 — BUS TIMING 
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FIGURE 4-5. Timing diagram showing how the enable line will 
synchronize the data transfer. 
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4-3: DATA BUS CONNECTION BETWEEN 
THE 68000 AND THE 6821 


In this section of the chapter, we will discuss how the 68000 
data bus is physically connected to the 6821 PIA. To begin, note that 
the 6821 PIA was originally designed to operate with a 6800 micro- 
processor. The 6800 microprocessor is an 8-bit device. The 6821 is an 
8-bit peripheral device with 8 data lines. 

The 68000 has 16 data lines; therefore, the data connection to 
the 6821 device must be to the upper 8 bits of the 68000 data bus, or 
the lower 8 bits. In Fig. 4-6, we have connected the 6821 to the 
lower-byte data lines of the 68000. It is important for the system 
software to know which half of the system data bus the PIA is 
connected to. When data is transmitted to or received from the I/O 
device, the 68000 must be informed electrically of which byte of the 
data bus the data will be input on. This point will be emphasized 
when we show the 68000 software to control the 6821 PIA. 


68000 6821 





FIGURE 4-6. Schematic diagram showing the 68000 lower byte 
data lines connected to the data input lines for the 6821. 
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4-4: ADDRESS CONNECTION TO THE 6821 


Let us now discuss how the 68000 address lines will connect to 
the 6821 PIA. There are two physical address lines from the 68000 
that will connect directly to the 6821. These address lines are Al 
and A2. Recall that there is no external AO address line on the 
68000 device. 

The address lines Al and A2 will physically connect to the RSO 
and RS1 input lines on the 6821. (See Fig. 4-7.) With the address 
lines connected in this way, the register select for the 6821 will be 
accomplished by Al and A2 being set to all possible logical 
combinations. 

In a byte type of addressing scheme, this would mean that AO 
would be included. However, AO is not external to the CPU. The 
logical combinations for the byte addressing is as follows; 


PIA REGISTER 


Register 0 D8—D15 
Register 0 DO-D7 
Register 1 D8—D15 
Register 1 DO—D7 
Register 2 D8-—D15 
Register 2 DO—D7 
Register 3 D8—D15 
Register 3 DO—D7 


> 
No 
= 
> 
) 


|—---34-4O000 
“300-00 
=O-0-0-0 


From the preceding list, we can see that it is possible to select any of 
the four internal registers on the PIA and set the AO bit to a logical 
1 or a logical 0. When communicating with the 8-bit device, it is 
important to know which data lines the device is connected to. If the 
device is connected to the lower-byte data lines, then all odd ad- 
dresses, 1, 3, 5 and 7, are used to address the PIA registers 0, 1, 2, 
and 3. If the PIA is connected to the upper-byte data lines, then all 
even addresses, 0, 2, 4 and 6 are used to select the PIA registers 0, 1, 
2, and 3. 


4-5: CHIP SELECT FOR THE 6821 


Now that we know how the RSO and RS1 inputs are connected 
to the address bus, let us consider the question of how to select the 
chip from all the possible address space. In Chap. 3, we discussed the 
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FIGURE 4-7. Schematic diagram showing the 68000 address 
line A1 and A2 connected to RSO and RS1 of the 6821 devices. 


memory-mapped I/O architecture of the 68000. Therefore, we must 
map the 6821 device into the system memory space. 

There are a number of classical techniques for mapping an I/O 
device into a system memory space. For ease of illustration, we will 
use a very simple one. We will assume that when the address line 
A283 is a logical 1, we are communicating with I/O. (Refer to Chap. 
3.) 

To divide this I/O space further, we will say that when A23 is a 
logical 1 and A21 is a logical 1, the 6821 is selected to communicate 
with the CPU. This type of architecture can be thought of as memo- 
ry-mapped, linear select—that is, our I/O space is memory-mapped 
and the I/O space is divided up in a linear select fashion. Each 
possible I/O device is assigned a single address line Al—A22 for 
enable. 

Figure 4-8 shows the connection of the A21 and A23 address 
lines to enable the device. Notice in Fig. 4-8 that both A23 and A21 
must be a logical 1 in order for CSO and CS1 to become a logical 1. 
We have not shown how the CS2 signal is set. 

When decoding the 8-bit peripheral device, use can be made of 
the UDS and LDS output lines from the 68000. If the 8-bit device is 
connected to the upper 8 bits of the data bus, UDS may be used to 
provide a qualifying signal. If the peripheral device is connected to 
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FIGURE 4-8. Schematic diagram showing the 68000 address 
lines connected to the CSO and CS1 chip select inputs of the 6821. 


the lower 8 bits of the data bus, LDS may be used to provide a 
qualifying signal. 

In 6800-type operations, UDS and LDS do not strobe data. 
These control lines can be thought of as UDS = AO and LDS = AO. 
You must be concerned with these signals if two 8-bit peripherals 
are connected to the upper and lower data byte at the same I/O 
address. When UDS is a logical 0, the CPU will communicate with 
the upper byte device. When LDS is a logical 0, the CPU will com- 
municate with the lower byte device. (See Fig. 4-9.) 

When using only the upper byte or lower byte at a specific 
address, the correct software address can be used to inform the 
68000 where the data is coming from or going to. No hardware select 
is necessary. 











4-6: USING THE VPA INPUT ON THE 68000 


The 68000 CPU device is capable of operating at clock speeds 
up to 10 megahertz. The 6821 PIA device is capable of operating at 
speeds near 1 megahertz and slower. Most 6800 peripheral devices 
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FIGURE 4-9. When UDS is a logical 0 the upper byte is enabled. 
When LDS is a logical 0 the lower byte device is enabled. 


were designed to operate at speeds close to 1 megahertz. Designers 
of the 68000 had the foresight to know that many users would wish 
to connect the 6800 peripheral devices to the 68000. 

There was such a great need in the marketplace for this fea- 
ture that a special function was added to the 68000 which allows 
this interface to occur in a straightforward manner. An input pin on 
the 68000 is labeled “VPA.” The VPA is an abbreviation for “Valid 
Peripheral Address.” When this input is asserted in the logical 0 
state, the 68000 knows electrically that the communication cycle is 
to be with a 6800-type peripheral device. 

When the VPA input is asserted, the 68000 “syncs” up to its 
output line labeled “E pin 20.” The E output is the input clock 
frequency of the 68000 on pin 15 divided by 10. When using 6800 
peripheral devices with the 68000, the E output line takes on the 
same function as the Phase 2 clock in 6800-based systems. 

Figure 4-10 illustrates the schematic diagram of how we will 
assert the VPA input to the 68000. In Fig. 4-10, the proper address 
space is decoded and must be qualified by the AS output line from 
the 68000. This will ensure that the 68000 receives the VPA input 
at the proper time in the communication cycle. 
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FIGURE 4-10. Schematic diagram showing how the VPA input 
to the 68000 will be asserted during a 6800 type of data transfer. 
Notice that the VPA input is synchronized to the AS bar output of 


the 68000. 
68000 6821 





FIGURE 4-11. Schematic diagram showing how the E (enable) 
line from the 68000 device is connected to the 6821 E input line. 
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In the 6821 interface, the E clock output line on the 68000 is 
connected to the ENABLE input line pin 25 on the 6821. (See Fig. 
4-11.) 

Another important signal on the 68000 that is used for inter- 
face with 6800 peripheral devices is labeled “VMA.” Readers who 
are familiar with 6800-based systems understand the function of the 
VMA output pin on the 6800. This output was used to inform the 
external hardware in a 6800 system that a “Valid Memory Address” 
was present on the 6800 address bus. The system hardware would 
qualify the chip select decoding with the VMA output line. 

In the 68000 system, the VMA output line electrically indi- 
cates that the 68000 is outputting a valid 6800-type communication. 
This signal should be used to qualify the 6800 peripheral chip select 
address. Whenever the 68000 is outputting a system address during 
a 6800 cycle, the VMA output line is a logical 0. For the 6821, we 
will connect the VMA output line on the 68000, pin 19, to the CS2 
input line, pin 23, on the PIA. Figure 4-12 shows the connections 
between the 68000 and the 6821 that we have discussed thus far. 




















68000 | 6821 





FIGURE 4-12. Complete schematic diagram showing the con- 
nections we have discussed between the 68000 and the 6821 
device. 
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4-7: CONNECTION OF THE R/W LINE 


The 68000 device has a single R/W output line, pin 9. When 
this line is a logical 1, the CPU will be reading data. When the R/W 
is a logical 0, the CPU will be writing data. These are the same 
logical levels that the 6821 device responds to with its R/W input 
line, pin 21. Therefore, we can connect the R/W output line from the 
68000 to the 6821 R/W input, pin 21, of the 6821. Figure 4-13 shows 
a complete interface between the 68000 and the 6821. 
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FIGURE 4-13. Schematic diagram of the complete electrical in- 
terface between the 68000 and the 6821 PIA. 
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4-8: TIMING DIAGRAMS FOR 
COMMUNICATION WITH THE 6821 





Figures 4-14 and 4-15 show general timing diagrams for 
READ and WRITE operations between the 6821 and the 68000. 


4-9: SEQUENCE OF ELECTRICAL EVENTS 
FOR A 6800-TYPE READ 


In this section of the chapter, we present the general sequence 
of electrical events that occurs during a READ operation for the 
68000 during communication with a 6800-type peripheral device. 
This sequence is important to understand as a first-level approxima- 
tion for the interface of 6800-type peripheral devices. From this 
general sequence of events, the system data sheets can be studied to 
obtain the necessary timing details. These details are necessary, but 


A1-A23 


VPA 


VMA 





DATA BUS 


R/W = Logical 1 


FIGURE 4-14. Timing diagram of a general I/O READ operation 
for a 6800 type of I/O cycle with the 68000. 
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VPA | | 


| 
VMA | 


R/W = Logical 0 


FIGURE 4-15. Timing diagram of a general I/O WRITE operation 
for a 6800 type of I/O cycle with the 68000. 


difficult to comprehend if you do not have a good general idea of 
what should occur during the communication transfer. 
The sequence for a READ operation is as follows: 


1. Address lines Al—A23 are set to the peripheral address. 
2. AS is asserted by the 68000. 
3. VPA is input to the 68000 qualified by AS. 


The 68000 is now electrically aware that the communication cycle is 
with a 6800-type peripheral. The peripheral device will have de- 
coded the address lines and is waiting electrically for the VMA 
output from the 68000 to qualify the chip select’input to the pe- 
ripheral device. 





4. R/W is set to a logical 1, indicating to the external hardware 
that a READ cycle is in progress. 


5. VMA is output to the system from the 68000. 


The peripheral device is now electrically selected by the 68000 for 
communication. 
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6. ENABLE (E) output from the 68000 is set to a logical 1 at 
the correct time to synchronize the data transfer. 


Data from the 6800 peripheral device is placed on the system data 
bus when the ENABLE output line from the 68000 is set to a logical 
1. When the ENABLE output line from the 68000 goes to a logical 0, 
the data transfer is complete and the peripheral data is removed 
from the data bus. 


7. The data transfer is complete. Notice that these types of 
data transfers are slowed down to operate at the speed of the 
6800-type peripheral device. 


4-10: SEQUENCE OF EVENTS FOR A 6800- 
TYPE WRITE 


The following sequence of electrical events will occur during a 
WRITE operation from the 68000 to a 6800-type peripheral device. 


1. Address lines Al—A23 are set to the peripheral address of 
the 6800-type device. 


2. AS is asserted by the 68000. 
3. VPA is input to the 68000 by external hardware. 


The 68000 is now electrically informed that the bus communication 
will be with a 6800-type peripheral device. 


4. R/W is set to a logical 0 by the 68000. 
5. VMA is asserted to a logical 0 by the 68000. 


Next, the peripheral device will use the VMA output to qualify 
the chip select circuits. 


6. The 68000 outputs the data to write to the peripheral device 
on the 68000 data bus. The data is physically on the upper 
or lower data lines. 

7. ENABLE output from the 68000 is set to a logical 1 at the 
correct time. 


The ENABLE signal will synchronize the data transfer from the 
68000 to the 6800-type peripheral device. The output data is latched 
into the 6800-type device on the high to low transition of this signal. 
This is exactly the same operation that would occur if the peripheral 


90 INTERFACING A 68000 TO A 6800 PERIPHERAL DEVICE 


device were used in a system that was 6800-based and had a Phase 2 
clock input. 


8. The data transfer is complete when the ENABLE line from 
the 68000 transfers from a logical 1 to a logical 0. 


4-11: DIFFERENCES B 
AND 6800 //O 





ETWEEN 68000 I/O 


In this section, we will discuss some of the differences in I/O 
operations with the 68000. When the 68000 is communicating with 
68000-type I/O devices, the transfer is exactly the same as with 
memory. (This was discussed in Chap. 3.) We will concentrate on the 
differences encountered when the 68000 is communicating with 
6800-type peripheral devices. 

The first difference we note is the lack of use of the DTACK 
input to the 68000 during a 6800-type bus cycle. Recall that the 
DTACK input to the 68000 informed the processor electrically that 
the source or destination for the data was ready to proceed in the 
transfer cycle. In a 6800-type cycle, there is no need for the pe- 
ripheral device to assert this input. The DTACK input is a logical 1 
during a 6800-type data transfer. The specifications for the 68000 
indicate that the DTACK input must be a logical 1 during a 6800 I/ 
O cycle. This means that the external hardware must ensure that 
the DTACK is not asserted when the VPA input is active. 

The next difference between a 6800- and 68000-type cycle is in 
the use of the output lines UDS and LDS. During a 6800-type cycle, 
both of these outputs are asserted in a similar way to address lines. 
UDS = 0 when the address is even, and LDS = 0 when the address is 
odd. Both of these lines equal a logical 0 if a word operation is 
specified by the system software. ee 

During a 68000 I/O operation, the UDS and LDS output lines 
are used to isolate the upper and lower data bytes and supply the 
data strobe. In a 6800-type operation, the peripheral device must 
use the ENABLE signal to strobe data. 























4-12: SOFTWARE FOR CONTROLLING A 
68271 PIA 


In this section of the chapter, we will show the software re- 
quired to control the 6821 device to act in three different ways. 
These ways will be: 
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1. Both ports are output. 
2. Both ports are input. 
3. One port is output, one port is input. 


When reviewing the software program, it will be seen that 
very few changes take place from example to example. We will 
make use of the information given in Section 4-2 on the general 
operation of the PIA. It will also be assumed that the PIA is con- 
nected to the 68000, as shown in Fig. 4-13. 

Note that, in the software, word operations are specified to 
communicate with the peripheral device. During word operations, 
the data is always located in the lower byte. An example follows 
on pages 92-97. 


4-13: CHAPTER SUMMARY 


We discussed in this chapter the basics of input and output 
operations between the 68000 and 6800-type peripheral devices. 
The discussion started with an overview of the 6821 device. In this 
overview, we presented information concerning how the device must 
be communicated with. 

Next, the hardware interface between the 6821 and the 68000 
was shown. Each input pin of the 6821 was discussed and connected 
to an appropriate pin of the 68000. We then discussed differences 
between I/O operations with 6800- and 68000-type peripherals. 

Finally, an example was given of 68000 software for electrical 
communication with the 6821 device. After studying the informa- 
tion presented in this chapter, you should have a good idea of how to 
interface most 6800-type peripheral devices to the 68000, 16-bit 
microprocessor. 
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68000 PROGRAM TO CONTROL THE 6821 PERIPHERAL DEVICE 
A23 = 1 DESIGNATES I/O SPACE 
A21 = 1 DESIGNATES 6821 SELECTED 


SELECT CODES FOR THE 6821 ARE 


A00000 = REGISTERO RSO = 0, RS1 
Aoo0002 = REGISTER 1 RSO = 1, RS1 
A00004 = REGISTER 2 RSO = 0, RS1 
A00006 = REGISTER 3 RSO = 1, RS1 


= = © © 


THE DEVICE IS CONNECTED TO THE LOWER BYTE DATA BITS ON 
THE 68000 DATA BUS. 
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THIS SECTION OF CODE WILL SET UP THE 6821 TO HAVE BOTH 
PARTS A AND B AS OUTPUTS 


0000 227C OCAO 0002 MOVE.L #0A00002,A1 
0006 7000 MOVE #0000H,DO 
0008 3280 MOVE DO, [A1] 


CONTROL REGISTER A HAS BIT 2 SET TO A LOGICAL 0. THIS 
INDICATES THAT WE HAVE ACCESS TO THE DATA 
DIRECTION CONTROL REGISTER 


000A 207C OOAO 0000 MOVE.L #0A00000,A0 
0010 303C OOFF MOVE #00FFH,DO 
0014 3080 MOVE DO, [AO] 


WE HAVE JUST PROGRAMMED THE DATA OUTPUT LINES IN 
PA AS OUTPUTS. NOW TO SET THE CONTROL REGISTER 
TO ALLOW ACCESS TO THE PA LINES FROM THE PROCESSOR. 


0016 7004 MOVE.Q #04H,DO 
0018 3280 MOVE DO, [A1] 


DONE WITH PORT A 
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SET ADD IN REG A1 
SET DATA IN REG DO 
BIT 2=0,CRA 


SET ADD IN REG AO 
SET DATA IN DO 
SET PA TO OUTPUT 


SET BIT 2=1 IN CRA 


(continued) 
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NOW TO SET UP PORT B AS AN OUTPUT 


OO1A 267C OOA0 0006 MOVE.L 
0020 7000 MOVE 
0022 3640 MOVE 


NOW TO SET THE DATA DIRECTION 


0024 247C OOAO 0004 MOVE.L 
002A 303C OOFF MOVE 
002E 3480 MOVE 


ALL OUTPUTS OF PB HAVE BEEN SET 
NOW TO SET UP THE DEVICE TO GET 
ACCESS TO PB FROM THE PROCESSOR 


0030 7004 MOVE.Q 
0032 3680 MOVE 


NOW BOTH PORTS ARE SET UP TO OUTPUT DATA 


THE NEXT SECTION WILL SET PORT A 
DATA OUTPUT TO 55 AND PORT B 
DATA OUTPUT TO 97 IN HEX. 


0034 7055 MOVE.Q 
0036 3080 MOVE 
0038 303C 0097 MOVE 


#0A00006,A3 
#0000H,DO 
DO, [A3] 


#0A00004H,A2 
#00FFH,DO 
DO, [A2] 


#04H,DO 
DO, [A3] 


#55H,DO 
DO, [AO] 
#0097H,DO 


SET ADD OF PIA, REG 
SET BIT 2 OF CRB 


SET ADD OF PIA, REG 
SET DATA IN REG DO 
PROGRAM OUTPUTS PB 


SET BIT 2=1 IN CB 


WRITE DATA TO PA 


G6 


89 
90* 
91* 
92* 
93* 
94* 
95* 
96* 
97" 
98* 
99" 
100° 
101° 
102” 
103° 
104" 
105” 
106 
107 
108 
109” 
110° 
111° 
112° 
113 
114 
115” 
116* 
117° 
118 


003C 3480 MOVE 


END OF THIS SET UP EXAMPLE 


IN THIS NEXT EXAMPLE WE WILL SET UP BOTH PORTS 
AS INPUT PORTS. 


THIS SECTION OF THE PROGRAM WILL ASSUME THAT 


AO = PIA REG O 

= PIA REG 1 
A2 = PIA REG 2 
A3 = PIA REG 3 


003E 7000 MOVE.Q 
0040 3280 MOVE 
0042 3080 MOVE 


PORT A IS NOW SET UP 


0044 3680 MOVE 
0046 3480 MOVE 


PORT B IS NOW SET UP 


0048 7004 MOVE.Q 


DO, [A2] 


#00H,DO 
DO, [A1] 
DO, [AO] 


DO, [A3] 
DO, [A2] 


#04H,DO 


WRITE DATA TO PB 


SET DO = 0 
SET BIT 2=0,CRA 
ALL PA = INPUTS 


SET BIT 2=0,CRB 
ALL PB = INPUTS 


(continued) 
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119 
120 
121° 
122° 
123° 
124 
125 
126" 
127°" 
128° 
129" 
130* 
131” 
132” 
133" 
134" 
135 
136 
137 
138* 
139 
140 
141 
142* 
143° 
144° 
145 
146 


004A 3280 MOVE 
004C 3680 MOVE 


BOTH PORTS ARE NOW READY TO INPUT DATA 


004E 3210 MOVE 
0050 3412 MOVE 


END OF THIS EXAMPLE 


IN THIS NEXT EXAMPLE PORT A WILL BE SET UP 
AS AN OUTPUT PORT AND PORT B WILL BE SET UP 
AS AN INPUT PORT. WE WILL ASSUME THE SAME 


DEFINITIONS FOR AO-A3. 


0052 7000 MOVE.Q 
0054 3280 MOVE 
0056 3680 MOVE 
0058 3480 MOVE 
005A 303C OOFF MOVE 
005E 3080 MOVE 


BOTH PORTS HAVE NOW BEEN SET 


0060 7004 MOVE.Q 


0062 3280 MOVE 


DO, [A1] 
DO, [A3] 


[AQ], D1 
[A2], D2 


#00H,DO 
DO, [A1] 
DO, [A3] 


DO, [A2] 
#00FFH,DO 
DO, [AQ] 


#04H,D0O 
DO, [A1] 


BIT 2=1,CRA 
BIT 2=1,CRB 


INPUT DATA FROM PA 
INPUT DATA FROM PB 


BIT 2=0,CRA 
BIT 2=0,CRB 


PB = INPUT 


PA = OUTPUT 


BIT 2=1,CRA 


Z6 


0064 3680 MOVE 


THE PIA 1S NOW READY TO OUTPUT DATA 
AT PORT A AND INPUT DATA FROM PORT B 


0066 7048 MOVE.Q 
0068 3040 MOVE 
OO6A 3212 MOVE 


END OF ALL EXAMPLES FOR THE 6821 


006C 0000 END 


DO, [A3] 


#48H,DO 
DO, [AO] 
[A2], D1 


BIT 2=1,CRB 


OUTPUT 48 TO PA 
INPUT PB TO D1 


CHAPTER 5 


STATIC STIMULUS 
TESTING FOR THE 
68000 


9-1: INTRODUCTION 


In this chapter, the basics of the hardware troubleshooting 
technique called Static Stimulus Testing (SST) will be discussed. 
The technique was first formalized in the textbook Understanding 
and Troubleshooting the Microprocessor, (Prentice-Hall, Inc., 1980). 
Static Stimulus Testing, originally developed as a troubleshooting 
technique for 8-bit microprocessor systems in industry, was born out 
of a need to repair and debug microprocessor systems that fell into 
two main categories: 


1. Systems that have experienced some type of catastrophic 
failure and cannot execute any software; these are systems 
that once worked but do not work now. 
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2. Systems that are in a prototype mode and have never 
worked; these are systems that have not yet been debugged, 
or the software is not complete and therefore cannot be used 
in the diagnostic process. In these systems, the hardware 
designer or troubleshooter wishes to verify proper operation 
of all, or part, of the hardware design without using the 
system software. 


In both of these cases, classical hardware troubleshooting tech- 
niques such as Logic State Analysis and Signature Analysis are of 
little help. Both of these hardware techniques require that the sys- 
tem be capable of executing some software in order for the technique 
to be of use. There are new techniques being developed for Signature 
Analysis that will not put dependence on software. However, there 
is still a large gap to be filled in the area of troubleshooting micro- 
processor systems. The question to be answered is this: “Where and 
how do I start to repair a system that is totally inoperative? That is, 
how do | fix a system that will not execute any system software 
diagnostics?” 

Static Stimulus Testing, although still in its infancy, does in- 
deed bridge that gap. Using the SST approach, you always have a 
starting point in debugging the system hardware. With SST, you 
can debug an inoperative system in a direct and orderly fashion to a 
point where the software diagnostics can be run. Using simple and 
inexpensive instruments, this can be accomplished in an efficient 
and straightforward manner. 

An important feature of SST is the total independence of sys- 
tem software for it to be used. This means that a skilled hardware 
person, technician, or engineer can apply SST with little training in 
any system software! This fact becomes a major plus for the person 
who must service the equipment in the field and for the person who 
has not had extensive software training. 

In this text, the SST techniques will be used to verify the entire 
hardware of a system. It will be assumed that the software does not 
exist. This is analogus to a prototype system that has just been 
constructed and in which one wishes to verify the hardware opera- 
tion. Or, this can be exactly like a system that has malfunctioned 
and for which one does not have a software listing or one’s knowl- 
edge of the system software is minimal. The main thrust and prob- 
lem is that we need to verify the hardware without regard to the 
software. 

As each section of the system hardware is verified using the 
SST, you will begin to develop a “feel” for what is occurring in the 
system. From these discussions, you will further understand how 
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the 68000 communicates electrically in a system environment. Fi- 
nally, using the examples given, you will see how any malfunction- 
ing microprocessor system, 8- or 16-bit, can be approached and de- 
bugged in a straightforward manner. 


5-2: OVERVIEW OF STATIC STIMULUS 
TESTING 


The main concept underlying Static Stimulus Testing is that 
electrical communication within a microprocessor system is essen- 
tially static in nature—that is, there are two voltage levels repre- 
senting 1’s and 0’s. In operation, a microprocessor system alternates 
between these two basically static states. The electrical events usu- 
ally take place in rapid succession, but they do not have to. The fact 
is, there is an upper limit to how fast the system can operate, and 
there is no lower limit. Communications between the micro- 
processor and memory, and between the microprocessor and I/O, are 
electrically static operations. 

The signal lines of the microprocessor system are performing a 
unique electrical function at any given time in the operation. If the 
system were electrically “frozen” in time, one could then statically 
verify the logical condition of all signal lines, one at a time. 

During a memory communication, for example, the system ad- 
dress lines are logically pointing to a particular memory location. 
This action is occurring regardless of the logical state of any other 
system signals. 


USING SST, ONE CAN TREAT EACH SIGNAL LINE IN THE 
SYSTEM AS AN INDEPENDENT LOGIC SIGNAL. 


Each system signal always has a point of electrical origin and a 
point of electrical destination. This is always true. Using SST as the 
source, a single signal line can be forced to a desired logical condi- 
tion at the point of origin. With the input signal at a particular logic 
level, the electrical response of the line can be traced. 


THE ELEMENT OF TIME-DEPENDENT SIGNALS IS 
ELIMINATED WITH SST. 


Using standard digital troubleshooting techniques and SST, 
the hardware of a microprocessor system can be debugged simply. 
Once the dynamic situation has been transformed into a static one, 


5-2: OVERVIEW OF STATIC STIMULUS TESTING 101 


it becomes a much easier problem to solve. This is true regardless of 
the complexity of the system hardware. SST techniques can be used 
to verify the entire system hardware operation. 

We note, too, that SST will work in a system where special LSI 
devices, such as PIAs (Programmable Interface Adapters) or ACIAs 
(Asyncronous Communication Interface Adapters), are used. In 
these instances, the basic foundation of SST is still valid. This is due 
to the fundamental theme that all microprocessor communication in 
the system is static. 

You may argue that dynamic RAMs are not static devices. 
While this is essentially true, it must be qualified. The only part of 
the dynamic RAM system that is dynamic is the storage cell of the 
memory. All addressing inputs, RAS, CAS, and multiplexing of ad- 
dresses can be thought of as static operations. It is true that the 
memory cell itself will not operate in the static mode, but using a 
static approach will allow debugging of all of the peripheral signals 
of the memory system. 

To illustrate the main point of SST, let us give an example. In 
our example, the address inputs to the system ROM will be checked. 
Please note that detailed procedures for the 68000 will be presented 





Destination for Data 









’ Data Bus 


rk Address 
Destination 
Origin of Address 


FIGURE 5-1. Simplified block diagram showing the major blocks 
associated with the microprocessor and the system ROM. 
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later in the text. For now, our main objective is to explain the con- 
cept of SST applied to a real system. 

Figure 5-1 shows a block diagram of a microprocessor system. 
Also shown in Fig. 5-1 is the point of origin and termination for the 
address of system ROM. In this example, we wish to verify proper 
hardware operation of these address lines using SST. To accomplish 
our objective, the following general procedures are given. 


1. Remove the microprocessor from the system. Install a cable 
that is connected to the SST switch panel. (See Fig. 5-2.) 


2. Let us assume that we have a switch for every address line 
A1—A23. Each switch can force one line to either a logical 1 
or a logical 0. These 23 switches may be set by the operator 
to any of the different possible logical combinations. 


Microprocessor is 
Removed, Cable 
Plug is Inserted System Under Test 
in Socket 





Multi-Line Cable 
for Connecting 
SST to SOT 





SST Switch Panel 


FIGURE 5-2. Block diagram showing how the SST switch panel 
connects to the microprocessor system under test. Notice that the 
system microprocessor is removed and the SST cable is installed in 
the vacated socket. 
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3. The combination that is set on the address switches can be 
left indefinitely (static). Now, the input to the address buff- 
ers in a 68000 system can be verified using static dc mea- 
surement techniques. The operator can now determine if all 
points along these lines are the same (proper) logical condi- 
tion that was set on the switches of the SST. 


4. Next, a switch can be used to set the AS control signal to a 
logical 0. At this point, the outputs of the address latches, if 
used, will be equal to the input lines Al—A23 that were set 
using the address switches. If no address latches are used, 
then the AS switches need not be asserted. 


5. The logical voltage levels of the address lines are now exam- 
ined at the ROM address inputs. These lines can be exam- 
ined with an oscilliscope, logic probe, DVM, or any dc mea- 
surement tool. 


In this general example, only the address lines were discussed. 
It is possible to examine the address lines separately because SST 
creates an independence of system signals. Further, note that there 
was no mention of absolute time. The emphasis is on the sequence of 
electrical events. One may take as long as necessary to trace a 
particular signal from its origin to its destination. 

In the troubleshooting chapters that follow, many detailed ex- 
planations and examples of how SST may be used to verify the 
68000 system hardware will be given. 


3-3: HARDWARE FOR THE STATIC 
STIMULUS TESTER 


The SST that will be used in this text is a very simple hard- 
ware device. It is well-suited to educational purposes as well as to 
industry. The central theme for the instrument operation is “static 
control by the operator of the logic level of any system signal line 
that the microprocessor would normally control.” For the 68000, 
these signal lines are: 


A1—A23, AS, UDS, LDS, R/W, E, VMA, FCO, FC1, FC2, BG. 


The other 68000 device pins are input that provide voltages 
and data which the microprocessor acts on. We will discuss these 
device pins in a later section of this chapter. A key point about SST 
that has not been mentioned is the troubleshooting technique. 
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Let us go through the design of the SST hardware, making use 
of the information that has been given thus far in the chapter. This 
will be beneficial to understanding how to use and modify the SST to 
fit a particular application. Further, the discussion will show the 
simplicity of this particular hardware debugging technique. 


9-4: STIMULUS FOR A1i-—A23 


Figure 5-3 shows the block diagram for the hardware required 
to realize the address stimulus of the SST. In that figure, the logical 
value of the address output is determined by the physical position of 
the DIP switches. The output of the switch is logically inverted and 
buffered. Buffers used for this hardware task are capable of tri-state 
control, the reason for which will be discussed later in this chapter. 
For now, it should be noted that the address buffers can be tri- 
stated. Figure 5-4 shows the actual hardware schematic for realiza- 
tion of the address stimulus. 


9-5: STIMULUS FOR FCO-FC2 


The physical stimulus for the status lines of the 68000 is ac- 
complished in exactly the same way as the address stimulus. Figure 
5-5 shows the schematic diagram for the hardware required. In that 


23 SPST Switches 22 Logical Inverters + Tri-State Control 


Address Lines From 
SST to System 
Under Test 





FIGURE 5-3. Block diagram showing major hardware blocks 
used for realizing the address stimulus in the SST. 
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FIGURE 5-4. Schematic diagram showing how the address lines 
A1—A23 can be electrically stimulated in the SST. 
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68000 CPU Pins # 


DIP Switch 74LS04 


To 68000 
CPU Pins 





FIGURE 5-5. Schematic diagram showing how the status lines 
FCO-—FC2 can be electrically controlled in the SST. 


figure, the output of the DIP switches is inverted and buffered. 
There is no tri-state control used for the status output lines. 

In the actual 68000 system the status lines are capable of tri- 
state operation. For the manual SST in this application, tri-stating 
of the status lines is not necessary. If one wishes the line to be tri- 
stated, the 7404 can be removed from its socket to achieve the de- 
sired isolation between its inputs and outputs, or a tri-state inverter 
can be used. 

We have not discussed the function of the status output on the 
68000. These outputs logically indicate the type of operation that is 
in progress during 68000 operation. For an exact definition of the 
status lines, refer to the data sheet on the 68000 in the Appendix. 


5-6: STIMULUS FOR AS, R/W, UDS, LDS, 
BG, E, VMA 


The discussion will now center on how to generate the follow- 
ing control signals on the SST: 


AS, UDS, LDS, R/W, BG, E, VMA. 


All of these signals are discussed in the same section because 
the hardware required for each is identical. These signals are con- 
trol lines generated by the 68000 and are output to the system. Most 
are valid at the start of a memory cycle and stay valid during the 
entire cycle. Others are used to strobe data or synchronize a data 
transfer. To generate these signals, SPDT toggle switches are used 
for the stimulus. Outputs of the switches are input to switch de- 
bounce circuits. Debounce circuit outputs are used as the final out- 
puts to the system under test. (Figure 5-6 shows the schematic for 
generation of these control signals.) 
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FIGURE 5-6. Schematic diagram of the hardware necessary to 
debounce all major control signals generated by the 68000. The 
74LS279 device has four debounce, set, reset, latches internal to it. 
The switches used are SPDT toggle switches. 
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The schematic of Fig. 5-6 makes use of the 74279 Integrated 
Circuit. This device contains four SET (S)—RESET (R) latches. 
These latches are used as the debounce circuit for the switches. 


5-7: DATA STIMULUS FOR THE 68000 SST 


In this section, we will discuss how the 68000 data lines 
DO-—D15 are electrically stimulated by the SST. Figure 5-7 shows 
the schematic diagram for the data stimulus. 

We see in Fig. 5-7 that each data output line is controlled by a 
SPST, DIP switch. One side of the switch is connected to ground 
potentials; the other side of the switch is connected to an input pin 
on the 74LS240, IC1 or IC2. When the switch is open, the input line 
to the 74LS240 will float to an open input level. This level is elec- 
trically treated as a logical 1 by the 74LS240. 

When the switch is closed, the input voltage level to the 
74LS240 is a logical 0. By inputting either a logical 1 or a logical 0 
to the 74LS240, the output line will be switched from a logical 0 toa 
logical 1. In this way, the user has complete control over the logical 
output level of a data line. 

In Fig. 5-7 the enable line, pin 1, 19 of the 74LS240, IC1 and 
IC2, is connected to the R/W line of the 68000. This will allow the 
data output buffers to be disabled during a READ operation. This is 
exactly the same type of hardware event that occurs internally on 
the 68000 device. During a READ operation, other system hardware 
besides the 68000 will be controlling the data bus lines. 


5-8: LED DISPLAY FOR THE 68000 DATA 
BUS 


The next circuit to discuss for the SST hardware is the one that 
will visually examine the logical state of the data bus. This visual 
examination can be accomplished by using 16 LEDs to display the 
logical condition of each line for the system data bus. Figure 5-7 
shows how this display is realized. Here, the microprocessor (or SST) 
data bus is connected to the inputs of the 74LS240 inverters. The 
outputs of these devices drive the LEDs. A logical 0 on the inputs of 
the 74LS240 will turn the LEDs off. A logical 1 on the inputs of the 
74LS8240 will turn the LEDs on. 

The LEDs will reflect the logical condition of the signal lines at 
the microprocessor device pins DO—D15. This allows one actually to 
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FIGURE 5-7. Schematic diagram showing the circuit for electri- 
cal stimulus of the 68000 data lines and the electrical monitoring of 
the 68000 data lines. 
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see the logical value of the data being input or output by the micro- 
processor (SST). If two data lines are shorted, or the data is not 
reaching the microprocessor input pins, the data will quickly show 
up on the LED display. 

During a WRITE operation, one can quickly see what data the 
68000 (SST) is outputting to the system hardware. Notice that the 
display will show data directly at the device pins. This is helpful 
when checking the system data lines. 


9-9: MONITORING OTHER INPUTS TO THE 
68000 


Thus far, we have discussed electrical stimulation of the ad- 
dress bus, data bus, and all output lines of the 68000. We have also 
discussed monitoring the system data bus lines. There are other 
68000 input signals that may be important to monitor with the SST. 

In this section, we will show a simple technique to monitor the 
following inputs to the 68000: 
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FIGURE 5-8. Schematic diagram showing the hardware re- 
quired to electrically monitor the 68000 input lines that are not data. 
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The hardware for monitoring any of the signals that are not 
used in a particular system design can be eliminated. Figure 5-8 
shows a schematic for the hardware required to monitor these 
inputs. 


5-10: CHAPTER SUMMARY 


In this chapter, the hardware required to realize an SST for the 
68000 has been presented. You may have noticed that the hardware 
is not exotic. Do not be misled into believing that because the hard- 
ware is simplistic it is of little value. Nothing could be further from 
the truth. 

In the following chapters, it will be seen what a very powerful 
debugging tool this simple device is for a microprocessor system. 
The SST can be used in prototype systems as well as in malfunction- 
ing systems. As we shall show, it is not necessary to be a highly 
skilled microprocessor system designer, software person, or hard- 
ware person to achieve excellent results with the SST. 

One final word: Not all of the hardware shown is necessary for 
the SST. If certain inputs or outputs of the 68000 are not used, then 
their stimulus or monitoring hardware in the SST can simply be 
ignored. A static stimulus tester is available from Creative Micro- 
processor Systems, P.O. Box 1538, Los Gatos, CA 95030. 


CHAPTER 6 


TROUBLESHOOTING 
A MEMORY READ 
OPERATION 


In the preceding chapters, we have examined the general ar- 
chitecture of a 68000 system. As the architecture was discussed, 
exact details were given concerning the 68000 operation. In Chap. 5, 
we introduced the concept of Static Stimulus Testing (SST). 

Beginning in this chapter and continuing through the end of 
the text, we will bring all of the concepts presented in the first five 
chapters into sharper focus. The remaining chapters will examine 
how to apply all of the information given thus far. First, we will 
discuss how to troubleshoot a memory READ operation. The trou- 
bleshooting technique used will be Static Stimulus Testing. 

To show how the technique works, we will discuss trou- 
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bleshooting the circuits presented in Chap. 1 through 4. In this 
chapter, we will be troubleshooting the hardware for a memory 
READ operation. This memory READ operation will be from a sys- 
tem ROM. However, the memory READ operation troubleshooting 
may be directly applicable to a system RAM as well. 

It should be kept in mind that we are using the circuits in this 
chapter simply as a means or vehicle to transmit and illustrate the 
ideas of Static Stimulus Testing. All of the concepts presented here 
are directly applicable to other 68000 systems. 


6-1: GENERAL SEQUENCE OF EVENTS FOR 
READING DATA FROM ROM 





To start the discussion of troubleshooting a memory READ 
operation, we will review the sequence of events for a typical memo- 
-ry READ operation with the 68000. This sequence of events was 
given in Chap. 1 and is repeated here for the reader’s convenience. 
The sequence is: 


1. Al—A23 are set to the logical value of the system memory 
address from which the memory data will be read. At this 
point, all memory decoding is done and the proper memory 
devices are selected from all available memories in the 
system. 


2. R/W is set to a logical 1. This indicates to the system hard- 
ware that a READ operation will be occurring. 


3. AS is set to a logical 0 under the control of the 68000. 


4. UDS, LDS, or both are set to a logical 0. These are the timed 
control signals to the external system hardware from the 
68000. They indicate that the microprocessor is electrically 
ready to receive data. When these signals are a logical 0, the 
ROM data is placed on the system data bus by the system 
hardware. ROM data is now sent to the CPU bidirectional 
data buffers. From the buffers, the data are input to the 
68000 microprocessor. 

5. DTACK is set to a logical 0 under the control of the external 
hardware. 

6. LDS, UDS, and AS are set to a logical 1 by the 68000. This 
action terminates the data transfer, and the ROM data is 
strobed into the 68000 and then electrically removed from 
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the system data bus. The 68000 is now ready to perform 
another data transfer. The new data transfer can be another 
memory READ or any other valid hardware operation. 


The preceding summary of electrical events shows how the 
68000 reads data from the system ROM. In the remainder of this 
chapter we will go through this general sequence of events in detail. 
As we examine this sequence, we will show how each event is ac- 
complished and how the system hardware responds. 

We will discuss how to verify electrically if the event is being 
carried out correctly. In this discussion, Static Stimulus Testing will 
be used extensively. 


6-2: VERIFYING THE ADDRESS BUFFERS 


The first electrical event to occur in the memory READ opera- 
tion is when the address lines are output from the 68000. These 
lines pass through address buffers before being sent to the system. 
(See the block diagram of Fig. 6-1.) We will discuss how to verify 
electrically if the address buffers are operating correctly. (The sche- 
matic for the address buffers is shown in Fig. 6-2.) Prior to per- 
forming any electrical checks in the system, we must first install the 
SST. This is accomplished by the following procedure: | 


1. Turn off all power to the 68000 system. 

2. Carefully remove the 68000 from the circuit board. Install 
the removed 68000 microprocessor into conductive foam. 
This will safeguard and protect the electrical inputs from 
being damaged due to static charges. The foam will also 


68000 Address Buffers 
A1-A23 BA1-BA23 Buffered 
Address Lines 
to System 


FIGURE 6-1. Block diagram showing the concept of buffering 
the 68000 address lines before they are output to the system. 
When troubleshooting a memory READ operation, the address 
buffers must be electrically verified. 
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FIGURE 6-2. Schematic diagram showing one way address 
buffering may be realized for the 68000. Notice that this technique 
employs address latches. The latches may be set to the trans- 
parent mode, or they can be used as latches with AS as the clock 


input. 
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physically protect the pins of the 68000 Integrated Circuit 
from damage. 


3. Install the SST cable into the socket that was vacated by the 
68000 microprocessor. Care should be taken to ensure that 
pin 1 of the SST cable is placed into pin 1 of the socket on the 
68000 board. 


4. After the SST is installed, set the switches (listed below) to 
the unasserted position on the SST unit. The unasserted 
position is equivalent to the logic level all 68000 control 
outputs will be in when the microprocessor is starting a 
memory cycle. These unasserted positions for the 68000 are: 


AS = LOGICAL 1 

LDS, UDS = LOGICAL 1 
FCO-FC2 = LOGICAL 1 
R/W = LOGICAL 1 

VMA = LOGICAL 1 

BG = LOGICAL 1 

E = LOGICAL 0 


With these switches on the SST in these logical positions, we 
ensure that the unit will not cause any unwanted bus conflicts in 
the system. 


Oo. Turn on the system power. Make sure that the SST also has 
+5 volts connected to it. The SST derives its power from the 
system under test. 


The SST is now installed, and we are ready to proceed in the check- 
out of the system. 

The address buffer schematic shown in Fig. 6-2 uses integrated 
circuits labeled “74LS373” in the realization of the address buffers. 
The pinout and functional block diagram for the 74LS3738 is given in 
Fig. 6-3. We see in Fig. 6-3 that the data inputs to the 74LS373 will 
pass to the outputs when the enable input pin 11 is logical 1. When 
pin 11 goes to a logical 0, whatever logical state the output was in 
will be latched. The output will remain at this logical state until the 
enable input is again forced to a logical 1. 

In the schematic of Fig. 6-2, the enable input to the 74LS373 is 
controlled by the AS output from the 68000 or the input is pulled to 
a logical 1 via the 4.7K-ohm resistor. If the input pin 11 is pulled to 
a logical 1, the 74LS373 will act as a simple address buffer. 
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FIGURE 6-3. Block diagram showing the pinout and function of a 74LS373 Octal D-type latch. 
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To verify if the enable input to the latches is operating cor- 
rectly, the following must be done: 


1. Set the AS switch on the SST to a logical 0 position. The 
enable input pin 11 on the 74LS373 will be a logical 0. This 
is the HOLD mode for the latch. 

2. Set the AS switch on the SST to a logical 1 position. The 
enable input pin 11 of the 74LS373 will now go to a logical 
1. In this mode, the inputs to the device are placed on the 
output pins. 


If the enable input to the latch does not respond correctly to the 
switching of the AS line on the SST, the cause must be determined 
before proceeding further in the system checkout procedure. If the 
AS output is not connected to the enable input on the 74LS373, then 
the preceding check may be skipped. 

Let us assume that the enable input line to the 74LS373 
latches responds correctly to the AS line of the SST or that the 
enable line is always at a logical 1 due to the pull-up resistor. We 
must now verify that the latches will operate correctly. To accom- 
plish this, we will switch the address lines one at a time using the 
SST. As each line switches, we will monitor the output of the ad- 
dress buffers. The output of the buffers will reflect the change of the 
address input if the enable pin 11 is in the correct logical state. 


6-3: PROCEDURE FOR VERIFYING THE 
ADDRESS LATCH (BUFFERS) 


1. Set the AS switch on the SST to the logical 1 position. 
2. Make sure that the UDS and LDS switches on the SST are 
in the logical 1 position. 
3. Set the Al—A23 switches on the SST to the logical 0 
position. 
. Set the Al switch on the SST to the logical 1 position. 
. Verify that the output pin 9 of IC1 in Fig. 6-2 is a logical 1. 
. Set the Al switch on the SST to the logical 0 position. 
. Verify that the output pin 9 of IC1 in Fig. 6-2 is a logical 0. 


. At this point, we have ensured that the Al output of the 
address latch (buffer) will respond correctly to the stimulus 
of the Al line on the 68000. 


9. Repeat steps 3 through 8 for all address lines A2—A23. 
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The buffered address output and the corresponding IC pin 
number are given in the following list. 


BUFFERED ADDRESS LINE IC—PIN NUMBER 
BA1 IC1—-9 
BA2 IC1-15 
BA3 IC1-2 
BA4 IC1—16 
BA5 IC1—-19 
BA6 IC1-12 
BA7 IC1-5 
BA8& IC1—6 
BAQ IC2-9 
BA10 IC2—-15 
BA1 1 IC2-2 
BA12 IC2-16 
BA13 IC2-19 
BA14 IC2-12 
BA15 IC2-5 
BA16 IC2-6 
BA17 IC3-9 
BA18 IC3-15 
BA19 IC3—2 
BA20 IC3—-16 
BA21 IC3—-19 
BA22 IC3-12 
BA23 IC3—-5 


With the preceding list and the SST, we can verify that each 
address line will respond correctly to the stimulus by the 68000 
A1—A23 outputs. All lines should respond correctly before proceed- 
ing. If any line fails to respond correctly, we may statically trace the 
fault using conventional digital troubleshooting techniques. The 
problem is one of a single digital signal that will not switch from a 
logical 0 to a logical 1. This problem had been solved many times 
before microprocessor systems were used. 

We have now verified that all address lines are electrically 
capable of reaching the buffer outputs. In the procedure just out- 
lined, notice that no mention of exact timing was given. The circuits 
were all tested using static logic. If it can be verified that the cir- 
cuits will operate under static conditions, then the probability is 
very high that the circuits will operate under actual dynamic sys- 
tem conditions. If the circuits will not work under static conditions, 


From 
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there is no chance they will operate under dynamic conditions. The 
use of SST permits the verification of the system signals in the static 
mode. 


6-4: VERIFYING THE MEMORY SELECT 
LINES 


The next section of system hardware to verify is the memory 
select logic. This section of the hardware will decode the system 
address and enable the correct physical memory devices. The logic 
for this operation is shown in Fig. 6-4. We will assume in this discus- 
sion that the address outputs have been buffered and the AS control 
line is a logical 1. 

In Fig. 6-4, IC2 of 74LS42 will electrically provide the memory 
enables as a function of the system address. The ROM memory space 
is divided into two 2K word blocks. The total word space is from 
QO000-1FFF. The 2K word blocks will be OOO0-OFFF and 





1000-1 F FF 
1C2 Memory Select 


Dota Bus Data Bus 


FIGURE 6-4. Partial schematic diagram showing how the mem- 
ory space is decoded for the ROM section of system memory. The 
valid memory space is OO0000-O00FFF to 001000-001FFF. 
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1000—1F FF. In this discussion, we will verify that the ROM space is 
properly decoded. 

In examining the schematic of Fig. 6-4, notice that there are 
four physical sockets for the ROMs. The ROMs used are actually 
EPROMs, 2716’s, which we shall refer to simply as ROMs. These 
ROMs are internally organized as 2K x 8 bits. Therefore, it will 
require two of these EPROMs for each 2K word block. The 2K word 
block is formed using the following ICs. 


ADDRESS SPACE LOW IC HI IC 
OO00—OFFF IC6 IC8 
1000-1 FFF IC7 IC9 


By the terms “Low IC and HilIC,” we can define which device is 
connected to the lower 8 bits of the data bus and which device is 
connected to the upper 8 bits of the data bus, respectively. Let us 
now verify that all of the memory enable lines are active for the 
correct address space. 

To verify the memory selects, the following procedure may be 
used. We are verifying that the CS of all four memory devices can be 
asserted by the 68000 with the proper address code. 





6-5: PROCEDURE FOR VERIFYING THE 
MEMORY SELECT LINES 


1. Set the address switches Al1—A23 on the SST to the logical 
0 position. 
2. Set the AS switch on the SST to the logical 1 position. 


THE ADDRESS IS NOW VALID TO THE SYSTEM 


3. At this time, the memory select line for ROM space 
0000—OFFF will be active. 


4. With a logic probe or any dc measurement instrument, 
verify that pin 20 of IC6 and IC8 in Fig. 6-4 is a logical 0. 


5. Verify that pin 20 of IC7 and IC9 is a logical 1. 
6. Set the address switches A1l—A23 on the SST to OFFF. 


THE ADDRESS SPACE IS NOW SET TO OFFF. 


7. Verify that the memory selects are still equal to the same 
state listed in steps 4 and 5. 
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Now that we have verified that the memory select lines for 
address space 0000-—OFFF are valid, let us perform the same opera- 
tion on the other two memory enable lines. 


8. Set the address switches on the SST to address space 1000. 
THE ADDRESS IS NOW VALID FOR SPACE 1000-1FFF. 


9. Verify that pin 20 of IC7 and IC9 is a logical 0. 
10. Verify that pin 20 of IC6 and IC8 is a logical 1. 


It is clear from the preceding sequence of events what pro- 
cedure must be followed when verifying the memory select lines. If 
the memory selects do not respond correctly, the system can be left 
set up in the static mode and the problem can be troubleshooted 
using standard digital troubleshooting techniques. 

Note that the decoding of the memory select lines is a combina- 
tional logic problem. The system does not have to be executing at 
normal system speed to verify that the address space can be decoded. 
The system can be “frozen” in any state for as long as the user 
requires to troubleshoot the malfunction. 


6-6: READING EPROM DATA WITH THE SST 


The last hardware path that must be verified in the ROM 
READ operation is the data path from the 2716’s back to the 68000. 
In step 4 of the list of events for a memory READ operation, the 
LDS, UDS, or both are set to a logical 0 by the 68000. At this time, 
the data from the ROM is enabled onto the system data bus and 
input to the 68000 data pins DO—D15. This condition can be set 
statically using the SST. 

The LEDs on the SST will show the logical state of the data 
being read from the ROM. Further, we can set up the condition with 
the SST, stimulate the data at the ROM socket, and verify that the 
data will electrically reach the 68000. Both of these conditions will 
be covered in the following discussion. 

Let us first show how to verify the memory read path shown in 
Fig. 6-5. We see in Fig. 6-5 the complete schematic for a 4K x 16 
ROM memory. This is exactly the same schematic that was present- 
ed in Chap. 1. We will go through the sequence of events for a 
memory read and verify that all of the hardware of Figs. 6-5, 6-6, 
and 6-7 responds correctly. 
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FIGURE 6-5. Complete schematic diagram of the ROM system 
that was discussed in Chapter 1 of this text. 
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1. First, the address lines Al—A23 are output from the 68000. 
We discussed how the address buffers (latches) could be ver- 
ified in Section 6-3. Let us assume that the address lines are 
valid out of the address buffers at the CPU. 


We now verify that the address lines BA1—BA11 are valid at 


the ROM memory address input lines. This can be verified by 
switching the address lines one at a time from a logical 0 to a logical 
1. While switching the address line using the SST, the address input 
pin of the ROM can be monitored. In this fashion, it can be easily 
determined if all of the address lines will logically reach the ROM 
input lines under the control of the 68000. 


2. While the address lines are present on the system address 
bus, the memory select lines will be decoded and asserted. 
Electrical verification of the memory select logic was dis- 
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cussed in Section 6-3. We assume that the memory address 
is such that the memory space from 0000—OFFF is being 
decoded. This means that pin 20 of IC6 and IC8 is a logical 
0, while pin 20 of IC7 and ICQ is a logical 1 in Fig. 6-5. 

3. Next, the R/W line from the 68000 is set to a logical 1 under 
the control of the 68000. We see in Fig. 6-5 that the R/W line 
is input to IC1 pin 5. 


With IC1 pin 5 a logical 1, and pin 4 a logical 1, pin 6 will bea 
logical 0. Pin 4 will become a logical 1, due to the output pin 1 of the 
74LS42 becoming a logical 0. All of these logic conditions are static 
and can be verified using a logic probe or any dc measurement tool. 
If any of the logical conditions are not correct, the malfunction can 
be found using standard digital troubleshooting techniques. 

We will assume that pin 6 of IC1 in Fig. 6-5 is a logical 0, as it 
should be at this point in the memory read sequence. 


4. The LDS, the UDS, or both outputs will be asserted to the 
logical 0 level. Several hardware actions will now occur. 


a. The first action to verify is that the memory data buffers 
IC4 and IC5 have their enable input pins 1 and 19 set to 
the logical 0 level. For this to occur, a logical 0 must be 
input to pins 1 and 4 of IC3 in Fig. 6-5. When UDS or 
LDS is set to the logical 0 level, pin 2 or pin 5 of the 
74LS32, IC3 will become a logical 0. This action will set 
output pins 3 and 6 of IC3 to the logical 0 level. Again, we 
state that this action is completely static in nature. 





b. Another hardware event that will occur in the memory 
system is shown in Fig. 6-6. The bidirectional buffers 
located at the 68000 data pins will have the direction 
control line set to a logical 0. This is pin 19 of the 
74LS245 devices. It can be verified that the direction 
control line is indeed a logical 0 for the device that has 
the UDS or LDS asserted. 


c. The third hardware event to occur when the UDS or LDS 
is asserted, as shown in Fig. 6-7, is the DTACK input to 
the 68000 will be set to a logical 0. The logical state of the 
DTACK input to the 68000 can be verified by visually 
monitoring the LED on the SST that indicates the logical 
condition of the DTACK input. When either the LDS 
output or the UDS output is asserted, the DTACK input 
to the 68000 will go to the logical 0 state. 
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FIGURE 6-6. Schematic diagram showing the bidirectional buff- 
ering scheme used with the 68000 data lines. 


126 TROUBLESHOOTING A MEMORY READ OPERATION 





(b) 


FIGURE 6-7a. Schematic diagram showing the DTACK circuit 
for the 68000. Notice that the DTACK input will become asserted in 
the logical 0 state when UDS or LDS become asserted. 

FIGURE 6-7b. Timing diagram of the circuit shown in Fig. 6—7a. 


All of the preceding hardware events can be electrically ver- 
ified using the SST. At this point, the data from the 2716 EPROMs 
will be logically input to the 68000 SST. 

To ensure that the correct data is being output from the ROM 
and reaching the SST data inputs, the software monitor listing of 
the ROM data at a specific address can be referred to. The hardware 
path that is established at this time will stay valid as long as the 
electrical conditions set up by the SST are valid. 

The data path is from the ROM output lines to the 68000 data 
input lines. It is true that there is hardware between the ROM data 
outputs and the 68000 data inputs, but this hardware is composed of 
static buffers and physical bus lines. With the microprocessor sys- 
tem set in this condition, standard digital troubleshooting tech- 
niques may be employed to solve malfunctions. 

The main point is that the troubleshooter now has enough time 
to examine the data, address, and control path for the system. Dy- 
namic operation of the system has been reduced to a simpler, more 
easily studied and analyzed static operation. 
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5. The final event to occur in the memory READ sequence is 
the UDS and LDS control lines are set to a logical 1, under 
the control of the 68000. The data from the ROM is now 
removed from the system data bus. Memory data buffers 
IC4 and IC5, shown in Fig. 6-5, have their enable lines 1 
and 19 set to a logical 1. 





The DTACK input to the 68000 will be forced to a logical 1. 
Figure 6-7 shows the hardware that we discussed previously for this 
signal. 

We have now gone through the entire sequence of events for a 
memory READ operation for a 68000 device. At each step in the 
sequence the hardware response was shown and discussed. A nice 
feature of SST is that each unique signal line that is asserted by the 
68000 during the memory READ cycle can be asserted statically. 
The troubleshooter can concentrate on only one signal line of the 
system at a time. There is no need to examine the entire system as it 
is executing instructions. 

In some cases, the microprocessor system is not electrically 
capable of executing any instructions. This is the case of a com- 
pletely inoperative system, or one that has not had any software 
written for it. It could also be a system that is not yet totally con- 
structed. It can be verified that a single section of the system is 
wired correctly and all of the logic is operative. 

In the next section of this chapter, we will discuss how to stim- 
ulate the data at the EPROM socket to verify electrically the data 
path without knowing what data is stored in the EPROM. 


6-7: STIMULATION OF THE 
ROM SOCKET 





DATA AT THE 


Before a ROM is installed into a memory socket, it is useful to 
determine if the data at the ROM socket can electrically reach the 
microprocessor. Figure 6-8 shows the concept of exactly what we are 
trying to accomplish, using the SST. Here is how to do it. We will 
enable a ROM space that has empty sockets installed in the system. 
With this space enabled, we will ground the data output lines one at 
a time and monitor the response at the SST. 

To achieve this, the following procedure may be used: 


1. Set the address switches on the SST to an address where the 
sockets have had the ROMs removed. If you are bringing up 
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Electrical Path is Enabled During a Memory Read 


EPROM 





CPU 
Bi-Directional Data Buffers 


16 Bits 


The Logical O will Show up Here. If a Data Bit is Grounded at 
It can be Monitored Using an EPROM Socket This ts 
SST or Logic Probe Equivalent to Outputting a 
Logical 0 


FIGURE 6-8. Block diagram showing the concept of stimulating 
data at the EPROM socket and sending it to the microprocessor. 


4. 


a board for the first time, do not even install the ROM until 
this check has been performed. 


. Set the AS switch on the SST to a logical 0. 
. Set the R/W switch to a logical 1. This will electrically in- 


form the system that a memory READ operation is in 
progress. 


Set the UDS and LDS switches on the SST to a logical 0. 


AT THIS TIME, THE DATA PATH FROM THE SYSTEM 
ADDRESS SPACE IS ENABLED TO THE 
MICROPROCESSOR DATA INPUT PINS DO-—D15. 


5. 


If we observe the LEDs in the SST board, all will be on. This 
is due to the fact that there is an empty socket where the 
ROM will be. The TTL inputs to the bidirectional buffers 
are floating. A floating TTL input is equivalent to a logical 
1. 


. One at a time, we will connect the data output pins of the 


empty sockets to ground. Begin by connecting a ground wire 
to pin 9 of the empty socket IC6 of Fig. 6-5. The LED labeled 
“DO” on the SST will go off. 


. We are forcing the data at the source to a logical 0. This 
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logical 0 will be reflected at the destination. In this case, the 
destination is the 68000 data input pins. 


8. This technique of grounding a data line and noting the elec- 
trical reaction of the hardware is very useful for determin- 
ing if the ROM data has a “chance” of being read by the 
microprocessor. 


You can enable any address space using this method, and de- 
termine if the data from that address space will reach the 
microprocessor. 


6-8: CHAPTER SUMMARY 


In this chapter, we have covered the details of how to verify a 
ROM READ operation with an SST. The sequence of events for a 
memory READ operation was given, and then we discussed how to 
simulate these events with the SST. Using the SST, the 68000 sys- 
tem can be set into any state of a hardware event. With the system 
in this state, a simple dc voltage probe can be used to troubleshoot 
the system effectively. 

Finally, it was shown how to stimulate the data lines at the 
ROM socket to verify the data paths. Each data path can be verified 
before any physical ROMs are installed into the system. In this way, 
it can be determined if the system has an electrical chance of operat- 
ing. If the hardware does not operate correctly in the static mode, it 
cannot operate correctly in the dynamic mode either. 


CHAPTER 7 


TROUBLESHOOTING 
STATIC RAM USING 
SST 


7-1: INTRODUCTION TO THE PROBLEM 


In this chapter, we will discuss how to apply Static Stimulus 
Testing techniques to troubleshooting a static RAM system. The two 
hardware operations that will be explained are reading data from 
RAM and writing data to RAM. The static RAM devices used for 
this discussion are 2114, 1K x 4, common I/O devices. In Chap. 2, we 
discussed how the 68000 electrically communicated with these de- 
vices. If you are unfamiliar with the 2114 memory, a review of the 
information presented in Chap. 2 will be of value. A data sheet of 
the 2114 memory is given in the Appendix. 

As you examine the possible operations performed with the 
static RAM in a microprocessor system, the following list can be 
generated: 
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. READ OP—CODES (ROM or RAM). 

READ DATA stored temporarily. 

. WRITE DATA for temporary storage. 

. PUSH STACK DATA. 

. POP STACK DATA. 

. SAVE RETURN ADDRESS for subroutine. 

. RESTORE RETURN ADDRESS for subroutine. 
. SAVE RETURN VECTOR for interrupt. 

. RESTORE RETURN VECTOR for interrupt. 


WOONHA LAWN 


In examining this list, it is seen that the system RAM is com- 
municated with at many different times when the microprocessor is 
executing a program. However, on closer inspection of the list we 
can see that when the actual RAM communication occurs, it will be 
either a READ or WRITE operation. The hardware of the micro- 
processor system does not distinguish between any of the nine mem- 
ory operations listed. 

The distinction between types of communications with the 
memory is performed by the microprocessor device. The address of 
RAM, data to be written to RAM, and where data will be physically 
stored are all taken care of by the microprocessor. 

A memory device requires an address, data, and a write enable 
signal or read enable signal to operate correctly. The memory device 
has no electrical way of knowing where these signals are originat- 
ing in the system and how they logically arrive at the memory 
inputs and outputs. 

A software person must be acutely aware of most of these de- 
tails. The logical formation of addresses, return vectors, and stack 
data are all critical points in the valid operation of a program. The 
hardware person cares only that, when the microprocessor wishes to 
write or read data electrically from memory, the memory will oper- 
ate correctly. It is this tact we will take as system troubleshooters. 

Each of the nine memory operations listed can be shown to be 
either a READ or WRITE with the system memory. Further, when 
the READ or WRITE occurs, it will always be performed in exactly 
the same way viewed from the hardware. This piece of information 
will greatly reduce the hardware examination that must be made to 
ensure that the memory is functional. 

In troubleshooting the system RAM, we must ensure that the 
CPU is capable of reading and writing with the memory. Once we 
have determined that these hardware paths are electrically valid, 
then we may perform a test on each cell of the system memory. 
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If you are initially checking the system with a manual SST, a 
software diagnostic can be run next to test each cell of the memory 
system. Further, this diagnostic can output the failed memory ad- 
dress and the failed data bit(s) at that address location. All of this 
can be accomplished without the use of a system terminal or a sys- 
tem front panel. This diagnostic concept will be shown in Chap. 9. 


7-2: SEQUENCE OF EVENTS FOR READING 
DATA FROM STATIC RAM 


Let us concentrate on the sequence of hardware events that 
will occur each time data is read from static RAM with the 68000 
CPU. It should be noted that the 68000 CPU has no electrical way of 
determining if the data is being read from static RAM or ROM. 
Therefore, all of the information presented in Chap. 6 on trou- 
bleshooting ROM will apply equally well to static RAM. The se- 
quence of events for reading data from these memories is exactly the 
same. | 

We will show the sequence of events here and then discuss 
what is taking place in the system hardware as each event in the 
operation occurs. This information is a review of the material dis- 
cussed in detail in Chap. 3. The sequence of events for a RAM read is 
as follows: 


1. Address lines Al—A23 equal the address from which data 
will be read. 


At this point, the system address decoding will occur that will per- 
mit the correct address space to become enabled. 


2. The 68000 asserts the AS control line. 


3. R/W control line is set to a logical 1. This is an indication of 
a memory READ operation. 


4. The 68000 asserts UDS, LDS, or both control lines. 





As the UDS and/or LDS control lines become asserted, several 
events occur simultanously in the system. These are: 


a. The CPU bidirectional buffers are enabled in the correct 
direction. 


b. RAM data is enabled onto the system data bus. 
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c. The DTACK input to the 68000 is set to a logical 0, via 
the external system hardware. 


5. Next, the 68000 unasserts the UDS, LDS, and AS control 
lines. At this time, the logical condition of the system data 
bus is strobed into the 68000. 


THE HARDWARE EVENT IS NOW COMPLETE 


7-3: TROUBLESHOOTING A STATIC RAM 
READ OPERATION 


Using the sequence of events for a RAM READ operation given 
in Section 7-2, let us examine how to verify each event electrically. 
As we proceed in the discussion, we will show how the circuit dia- 
gram of Fig. 7-1 electrically responds to each step in the sequence. 

The first event to occur in the electrical sequence of events is: 


ADDRESS LINES A23—A1 ARE SET TO THE MEMORY READ 
ADDRESS. 


This hardware event can be simulated quite easily using the 
SST. It is exactly what we did when troubleshooting a ROM READ 
operation. The only difference will be that the address lines will be 
set to the memory space for system RAM. 

In Fig. 7-1, we see that the address space for system RAM is 
03000—03FFF in hexadecimal. We will use the address space for 
03000—037FF only. To ensure that the address decoding is done 
correctly, we set the address switches A23—A1 on the SST to 03000. 

The address lines BA15—BA12 are input to the 74LS42 BCD to 
decimal decoder, IC1 (see Fig. 7-1). With the SST address lines set as 
described, BA12 and BA13 will be a logical 1, BA14 and BA15 will 
be a logical 0. If these inputs are currect to the 74LS42, then output 
pin 4 of IC1 will be a logical 0. 

We can verify the static condition of output pin 4 of IC1 using a 
logic probe. If output pin 4 is not a logical 0, then the inputs to the 
device can be statically checked to verify that they are logically 
correct. In general, one can troubleshoot the static system and deter- 
mine the malfunction. It is a typical digital troubleshooting problem 
at this time, and all standard digital troubleshooting techniques can 
be employed. 
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Let us assume that the output pin 4 of IC1 was at the correct 
logical level. We determine next if all of the parallel address lines, 
BA1-—BA10 to the system RAM, are capable of switching from a 
logical 0 to a logical 1 under the control of the CPU. This can be 
accomplished using the following procedure: 


1. Set address switches Al—A10 on the SST to the logical 0 
position. 
2. Set address switch Al to a logical 1 position. 


3. With a logic probe, electrically verify that pin 5 of ICQ, 
IC10, IC11, and [C12 of Fig. 7-1 are a logical 1. 

4. With a logic probe electrically verify that all other address 
inputs to IC9, IC10, IC11, and IC12 are a logical 0. 

5. If steps 3 and 4 verify electrically, then we may be certain 
that address line BA1 can switch between a logical 1 anda 
logical 0, under the control of the 68000. Further, it has 
been ensured that the switching of the address lines will 
occur in a mutually exclusive fashion—that is, no two ad- 
dress lines are shorted together. 


6. Set address switch Al to the logical 0 position. 


7. Repeat steps 2, 3, 4, 5, and 6 for the remaining address lines 
A2-—A10. 


8. By the end of this sequence, it has been electrically verified 
that the address path from the 68000 to RAM is valid. 


The next hardware event to occur in the RAM READ sequence 
of events is: 


AS IS SET TO A LOGICAL O. 


In the system we are discussing, the AS output will have no 
effect on the RAM READ operation. It can be verified that the AS 
output will switch by using a logic probe and monitoring the AS 
output line on the 68000 device socket. 

The next event to occur is: 


R/W IS SET TO A LOGICAL 1. 


Figure 7-1 shows that the R/W line is connected to IC2 pin 1, 
IC4 pin 5, and IC6 pin 4. The R/W line is inverted with IC2 and then 
input to IC4 pin 12 and IC6 pin 12. 
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At this time, it can be verified that a logical 1 exists on IC2 pin 
1, 1C4 pin 5, and IC6 pin 4. This logical 1 will disable the OR gates of 
IC4 and IC6. These OR gates are used in the RAM WRITE 
operation. 

IC4 pin 12 and IC6 pin 12 will have a logical 0 input. This 
logical 0 is the output from IC2 pin 2. These conditions can be 
verified by use of a logic probe. What we have done in the preceding 
checks is to determine if each signal that is logically controlled by 
the R/W line will switch between a logical 1 and a logical 0. The SST 
will provide the means for stimulating only a single output line of 
the 68000 at a time. In this instance, it is the R/W line. As the single 
line is stimulated, the troubleshooter can concentrate efforts on a 
specific hardware section of the complete system. 

With the R/W line at a logical 1 level and the system address 
lines at the correct address space, IC4 pin 1 and IC6 pin 1 of Fig. 7-1 
will be a logical 0. This may be verified using a logic probe. 

The next event to occur in the RAM READ sequence is: 


UDS, LDS, OR BOTH ARE ASSERTED TO A LOGICAL 0. 


Several electrical events will now occur. We will examine and 
verify each event, one at a time. 

First, IC4 pin 3 and IC6 pin 3 are set to a logical 0. Notice that 
IC4 pin 3 is set to a logical 0 under the control of the LDS signal and 
IC6 pin 3 is set to a logical 0 under the control of the UDS signal. 

Pins 2 and 5 of IC5, 74LS08, become a logical 0. With these 
inputs a logical 0, output pins 3 and 6 are a logical 0. This will assert 
the CS inputs to IC9, IC10, IC11, and IC12. These logical conditions 
can be verified using a logic probe. We are ensuring that the memo- 
ry devices can become enabled at the correct time. 

Second, the memory data buffers, [C7 and IC8, have their di- 
rection control line set to the logical level that will place memory 
data onto the system data bus. This means that pins 1 of both IC7 
and IC8, 74LS245s, are set to a logical 0. 

Data at the RAM memory outputs is logically in control of the 
system data bus lines BDO—BD15. These data outputs will visually 
show up on the LEDs of the SST. It should be noted that one does not 
know what should be the logical conditions of the RAM data output. 
This is because we have not written any data to the RAM. Whatever 
data was present in the RAM prior to the READ operation will be 
the data that is read at the SST LEDs by the user. 

Third, the DTACK input to the 68000 will be set to a logical 0 
under the control of the external hardware. This event can be ver- 
ified by monitoring the DTACK input pin 10 on the 68000 socket. 
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The final event to occur in the RAM READ sequence of events 
1s: 


UDS, LDS AND AS ARE SET TO ALOGICAL 1 LEVEL. 


The CS input to the 2114 memory chips is now set to a logical 
1. The memory data buffers have the direction control lines set to a 
logical 1. This is input pin 1 on IC7 and IC8. With the unassertion of 
LDS and UDS, the sequence of events is complete. 

It should be noted that only the lower byte or the upper byte of 
RAM could have been enabled onto the system data bus. This action 
is controlled by the assertion of the UDS for the upper data byte and 
LDS for the lower data byte. Also note that all of the hardware 
operations performed by the 68000 SST were static. 

The electrical operation of all interface circuits may be verified 
using SST techniques. The system does not have to be executing a 
program. While it is true that the memory is not executing at sys- 
tem speed, the memory will have to operate at static speed before it 
will operate at system speed. 

In this section, we did not verify all memory locations of the 
system RAM. This would take a very long time to accomplish using 
only the manual SST. The main point in using SST is to verify that 
path from the RAM to the CPU. If this path is operational, then we 
can use the CPU to help in the troubleshooting process. This will be 
accomplished using software memory diagnostics. (A memory diag- 
nostic is given in Chap. 9.) 

Next, we will show how the SST can be used to verify the write 
section of the RAM hardware path. In that discussion, we will actu- 
ally write data to either the upper byte, lower byte, or both using the 
68000 SST. After the data is written, a READ sequence of events 
will be performed to verify that the WRITE operation was 
successful. 














7-4: SEQUENCE OF EVENTS FOR A 
MEMORY WRITE OPERATION 


The following is the electrical sequence of events that will 
occur when the 68000 writes data to RAM. 


1. First, A23—A1 are set to the address where data will be 
stored. 


2. AS is asserted by the 68000. This signal may or may not be 
used by the hardware of a particular system. 
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3. R/W is set to a logical 0. This is an electrical indication that 
a WRITE operation will occur. 

4. The 68000 will output data to be written on the data lines 
DO-D15. 

5. LDS or UDS control lines are asserted. LDS will write data 
to the lower byte of memory and UDS will write data to the 
upper byte of memory. 

6. Next, the external hardware will respond with the DTACK 
signal to be input to the 68000. 

7. Finally, the 68000 will unassert the LDS or UDS control 
lines. 





AT THIS TIME, THE MEMORY WRITE OPERATION IS 
COMPLETE. 


7-5: TROUBLESHOOTING A MEMORY 
WRITE OPERATION 


In this section, we will discuss how to verify the hardware 
response to the sequence of events given in Section 7-4. 


ADDRESS LINES A1—A23 ARE SET TO THE CORRECT 
ADDRESS OF MEM. 


First, the address lines Al—A23 are set to the correct memory 
address. We can simulate the hardware action by setting the ad- 
dress switches on the SST to 003000 base 16. 

We discussed the details of how the address lines are decoded 
when showing how to read data from the memory. Therefore, we 
will not spend time on the address decoding for a memory WRITE 
operation. Our discussion will start by assuming that the address 
has been output and is decoded properly. 


AS IS ASSERTED TO A LOGICAL 0. 


The 68000 will now assert the AS control signal to a logical 0. 
In our memory circuit, the AS control line is not used. The electrical 
operation of the AS control line can be verified by use of a logic 
probe to monitor the AS output and by toggling the AS switch on the 
SST. 
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R/W IS SET TO A LOGICAL O. 


Referring to Fig. 7-1, we see that the R/W is input to IC4 pin 5 
and IC6 pin 4. These two pins may be verified using a logic probe. If 
either of these two lines fail to verify, then the fault can be traced 
using static, digital troubleshooting techniques. 


68000 WILL OUTPUT DATA ON D15-D0. 


Next, CPU will output the data to write to the memory on the 
system data bus. The origin of the data is the CPU data output pins. 
Figure 7-2 shows the block diagram of the path for data from the 
CPU data output pins to the data buffers, and finally to the memory 
data input lines. The data buffers shown in Fig. 7-1 are 74LS245s. 
Input pins 1 of both IC7 and IC8 are a logical 1. This will enable the 
bidirectional data buffers to place data from the CPU data bus to the 
memory data input pins. 

It can be easily verified that the data lines from the CPU data 
output pins are electrically reaching the input lines to the 
74LS245s, IC7 and IC8 by following a four-step procedure: 


1. Set all the data switches on the SST to a logical 0 position. 

2. Set the data switch on the SST labeled “DO” to the logical 1 
position. 

3. Using a logical probe, verify that the input pin 2 of IC7 of 
Fig. 7-1 is a logical 1. 

4. Repeat steps 2 and 3 for the remaining data lines D1—D15. 


CPU Bi-Directional 
Data Buffers 






RAM Data Buffers 












System Data 
Bus 





ee 
System RAM 


FIGURE 7-2. Block diagram showing the complete data path 
from the 68000 to the system RAM chips. 
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If at any time the data inputs to the 74LS245s fail to respond 
correctly, then leave the system set up in the static condition and 
concentrate on the single digital line that is malfunctioning. Using 
SST techniques, no other system signal line need be used—that is, 
focus all efforts on troubleshooting a single digital line that is not 
responding correctly. Again, note that this is a standard digital 
troubleshooting problem. The problem has been reduced to this via 
the use of the SST. 

Let us assume that the data inputs to the 75LS245’s, IC7 and 
IC8 of Fig. 7-1, are electrically valid. The hardware path from the 
CPU through the CPU bidirectional buffers to the bidirectional 
buffers of the static RAM is operational. 

We must now verify that the data at the output of the 
74LS245’s is being input to the memory. This can be accomplished 
by repeating the procedure for checking the inputs to the 74LS245’s 
just outlined. The difference is that now the data input lines to the 
system RAM, rather than the inputs to the 74LS245’s, must be 
monitored. 

We will assume that this data path is correct. The next hard- 
ware event to occur in the memory WRITE operation is the CPU 
will: 


68000 ASSERTS THE UDS OR LDS. 


At this time, the data at the memory data input lines will be 
written to the memory. The CS inputs, pin 8, of the 2114 RAMs and 
the WE inputs, pin 10, will be a logical 0. This can be verified this 
using a logic probe. It should be noted in Fig. 7-1 that the UDS 
control line will assert the WE and CS inputs to 2114 devices IC11 
and IC12. The LDS control line will assert the WE and CS inputs to 
the 2114 devices IC9 and IC10. 

The 68000 will assert one or both of these control lines based 
on the software instruction being executed. As a system hardware 
troubleshooter, you must ensure that when either of these control 
lines are asserted, the WE and CS of the proper memory devices is 
asserted. 





DTACK IS ASSERTED BY EXTERNAL HARDWARE. 


At this time, the external hardware will assert the DTACK 
input to the 68000. Figure 7-3 shows how this is accomplished in 
this system. 
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FIGURE 7-3. Schematic diagram showing how the DTACK input 
signal will become asserted. 


UDS AND LDS ARE UNASSERTED BY THE 68000. 


____ The final event to occur in the memory WRITE operation is the 
UDS and the LDS are set to the logical 1 position by the CPU. Now, 
the hardware event is complete. The data that was placed on the 
system data bus will be written into the RAM space selected by the 
address combination set on the SST address switches. 

We have no way of knowing if the WRITE operation was suc- 
cessful. That is, we have determined that all of the physical lines 
involved in the hardware operation can switch at the correct time. 
However, we have not yet determined if the RAM devices elec- 
trically accepted and latched the data internally. 

This can be electrically verified by performing the sequence of 
electrical events for a memory READ operation at the same address 
space where we have just written data. By doing this, known data 
can be input to the RAM and then read back using the SST. This 
action will ensure that all address decoding, data lines, and control 
lines are electrically capable of switching under the control of the 
CPU. 

What we have done is to determine that all of the hardware 
paths for RAM communication in the system are valid. If a manual 
SST were being used, it would take quite a long time to determine if 
all of the available memory space were operational. What is needed 
is a software diagnostic that will test the memory at system speed. 
Be aware that memory diagnostics are only effective if the CPU can 
read data from ROM. The SST is the easiest and most straightfor- 
ward tool to get the system ROM operational. 
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The first step in troubleshooting a malfunctioning RAM mem- 
ory system is to verify that all of the hardware paths are electrically 
valid. From this point, a memory test may be run to find any cells of 
the memory that are not functional. As a system troubleshooter, the 
sequence might be to run the memory test first to determine if any 
of the memory locations can be written to and read from. Based on 
the results of the software diagnostic, you can focus in on the prob- 
lem area using SST. 

A memory diagnostic will be shown and discussed in Chap. 9. 


7-6: CHAPTER SUMMARY 


In this chapter, we have discussed how to use the SST in verify- 
ing the operation of system memory in a 68000 microprocessor sys- 
tem. We have also discussed the details of how typical system 
hardware responds in a static fashion to a stimulus originating at 
the CPU. 

This was a general concept that is often overlooked in the 
troubleshooting aspect of microprocessor systems. The static RAM 
READ and WRITE operations are truely static in all respects. We 
made use of this fact and SST to verify all of the hardware that is 
involved in the memory READ and WRITE operations. 

In the next chapter, we will show how SST and static operation 
of a microprocessor system can be used very effectively to trou- 
bleshoot the hardware of input and output operations. 


CHAPTER 8 


TROUBLESHOOTING 
AN INPUT OR 
OUTPUT OPERATION 


In this chapter, we will discuss how to approach the problem of 
troubleshooting a defective input or output device in a 68000 micro- 
processor system. The input and output devices we will use are the 
same ones that are presented in Chap. 3. The discussion of trou- 
bleshooting the I/O ports will be general enough to be of value for 
almost any type of input and output operation. However, we will be 
specific in the procedures so that you may see exactly how to apply 
the troubleshooting techniques. 

The discussion will start with an overview of the I/O ports that 
were presented in Chap. 3. Following the overview of the input and 
output ports we will present the sequence of electrical events that 
the 68000 will execute whenever an I/O operation occurs. These 
events were first given in Chap. 3 and are reviewed here. Finally, 
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after you understand how the I/O devices operate by performing a 
sequence of electrical events, we will show how to verify electrical 
operation using Static Stimulus Testing. During this discussion, 
you will be made aware of exactly how SST techniques can enable 
the system troubleshooter to isolate hardware faults associated with 
input and output devices. 

Do not be misled into thinking that, because we are showing 
how to use SST with discrete input and output ports, the technique 
is valid only for similarly designed ports. Nothing could be further 
from the truth: I/O ports designed using LSI devices such as PIO, 
PIA, or S1Os, or virtually any LSI device, can be electrically verified 
using SST. The procedures are similar to the ones we will show in 
this chapter. 

The schematics and ports presented were chosen simply as the 
medium for the information transfer. These input and output ports 
are general enough to allow SST techniques and procedures to be 
explained without the reader having to understand and learn how 
any particular LSI device operates. 


8-1: OVERVIEW OF THE INPUT AND 
OUTPUT PORTS 


In the following section, we will discuss how the input and 
output circuits presented in Chap. 3 operate. It is essential to know 
how the circuit operates before making an attempt to troubleshoot 
it. You must know what should be there, otherwise measurements 
made and data acquired will tell you nothing. 

Figure 8-1 shows a block diagram of the input and output 
circuits. We see in Fig. 8-1 that external digital signals are input to 
the input block of the circuit. These external digital signals are 
outputs from instruments, or devices, that the microprocessor sys- 
tem is communicating with. The input circuit is physically capable 
of accepting data from 16 external lines. 

The output section of the circuit is capable of outputting up to 
16 lines of external information. These output lines can be used to 
control external instruments connected to the circuit. 

The address decoding block shown in Fig. 8-1 will logically 
select the I/O port from the entire address space available in a 68000 
system. Notice that all addresses Al1—A23 are input to the address 
decoding block of Fig. 8-1. 

Control signal inputs to Fig. 8-1 are the R/W, UDS, and LDS 
lines from the 68000 CPU. We will see later that when the R/W is a 
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Input Port 
16 Bits 
Address Decode Block 
Control Logic 
A1-A23 | 
Port Select fe 
R/W, UDS, LDS 16 Bits 
Output Port 
DO-D15 


FIGURE 8-1. Block diagram of a general 16-bit input and output 
port for use with the 68000 CPU. 


logical 1 and UDS or LDS control lines are a logical 0, the data from 
the input port is placed on the system data bus. 

Data outputs from the input port block are sent to the system 
data bus via a bus buffer. When the R/W is a logical 0 and the UDS 
or LDS is a logical 0, the data on the system data bus will be written 
to the output port block shown in Fig. 8-1. 





8-2: SEQUENCE OF EVENTS FOR READING 
DATA FROM AN INPUT PORT 


Let us now show the sequence of events for an input READ 
operation using the 68000 CPU. This sequence is exactly the same 
as we presented in Chap. 3. If you do not understand why the se- 
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quence is given in the order shown, please refer back to Chap. 3 fora 
complete discussion of this sequence. 

After the sequence of events is given, we will show how to 
verify the hardware response to the sequence using SST. 


1. First, the system address bus outputs the port address to 
read data from. All system address lines are used in the 
decoding of the input port. This is true for the input port 
that we will present. However, it need not be true in all 
68000 microprocessor systems. Recall that the I/O space in 
the 68000 is memory-mapped. 


2. Next, the CPU will assert the AS control line. 


The address is now decoded by the input port and the port select line 
is generated. If an address latch is used, the system address will 
remain stable until another AS signal is asserted to the system by 
the 68000. 


3. Next, the R/W control line from the CPU will go to a logical 
1. This signal will electrically inform the 68000 system that 
a READ operation will occur. 


4. Fourth, the UDS, LDS, or both are asserted to a logical 0, 
under the control of the 68000. 


Input port data is now placed on the system data bus. The origin of 
the data is the input port, and the destination for the data is the 
68000 CPU input pins. 


5. When the UDS or LDS control signals are a logical 0, the 
input port will respond and assert the DTACK input to the 
68000. This indicates that the external hardware is elec- 
trically prepared to resume normal execution. 

6. The final event to occur in the input READ operation is that 
UDS, LDS, and AS are set to a logical 1 under the control of 
the 68000. 








On the rising edge of a UDS or LDS control signal, the logical 
conditions of the system data bus are strobed into an internal regis- 
ter on the 68000. 


THE HARDWARE EVENT IS NOW COMPLETE. 
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8-3: HARDWARE RESPONSE TO THE 
SEQUENCE OF EVENTS 


Now, let us go through the sequence of events just given and 
examine exactly how the hardware will respond to each event. As 
we describe the hardware operation, you will see exactly how SST 
can be used to verify proper electrical operation. As the discussion 
proceeds, try to relate the hardware operation to another system of 
personal interest. 

Figure 8-2b shows the hardware schematic for the actual input 
port. We will center our discussion around the logic of this circuit. 


THE ADDRESS IS OUTPUT FROM THE 68000. 


As you will remember, the first electrical event to occur in the 
input READ operation is the address lines Al—A23 will output the 
correct input port address for reading data. Let us review how the 
address lines are decoded. The logic for decoding the address lines is 
shown in Fig. 8-2a. 

In Fig. 8-2a, the address lines Al—A22 are input to the 
74LS30, IC1, I1C2, and IC3. Output pins 8 of IC1 and IC2 are input to 
IC4. Output pin 3 of IC4 and output pin 8 of IC3 are input to pins 4 
and 5 of IC4. When the address inputs Al—-A22 = 7FFFFF or 
TFFFFE, output pin 6 of [C4 is a logical 0. This output is a logical 0 
only at these two unique system addresses. 

We can verify the hardware operation of each device output in 
Fig. 8-2a by placing the correct logical combination on the address 
inputs Al—A22. This can be accomplished using the SST. For exam- 
ple, suppose we wished to verify that IC1 output pin 8 will become 
asserted, logical 0, when it is electrically supposed to. Using the 
SST, we set the address lines Al—A8 equal to logical 1. 

This will place a logical 1 on all input pins of IC1. We can 
verify the logical conditions of these inputs by using a logic probe. 
The output pin 8 of IC1 will now be a logical 0. This logical condition 
can be verified using a logic probe. Using the information given thus 
far, the hardware operation of IC2 and IC3 of Fig. 8-2a can be 
verified. 

Let us assume that output pin 8 of all the 74LS30’s shown in 
Fig. 8-2a are set to a logical 0 using the SST as the input stimulus to 
the gates. Now the output pin 3 of IC4 will be a logical 0. Pins 1 and 
2 of IC4 can be verified using a logic probe. With pins 1 and 2 
becoming a logical 0, the output pin 3 of IC4 will become a logical 0. 
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BA2 2 
BA3 3 
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BA8 12 ; IC4 
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FIGURE 8-—2a. Schematic diagram showing how the port select 
signal can be generated with hardware. The port will respond to 
address FFFFFF or FFFFFE. 


With pin 3 at a logical 0 level, input pin 4 of IC4 will be set to a 
logical 0. Pin 5 of IC4 will be a logical 0, due to output pin 8 of IC3 
being equal to a logical 0. 

As both input pins 4 and 5 of IC4 become a logical 0, output pin 
6 is set to a logical 0. The entire operation of decoding the input port 
address is a static, combinational logical operation. Each level of 
decoding can be verified using SST as the input stimulus and a logic 
probe of dc measurement tool to verify logic operation. 
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IC7, IC8 = 74LS374 
IC9 = 74LS04 


FIGURE 8-2b. Schematic diagram of the input port and output 
port control and latch circuits. 


AS IS SET TO A LOGICAL O. 


The next step in the sequence of events for an input READ 
operation is the AS output line from the 68000 is set to a logical 0. 
This electrical event will latch the address output if an address latch 
is used in the system. If an address latch is not used in the system, 
then the AS output may synchronize certain 68000 inputs from the 
external hardware. An example of this is the VPA input that is used 
for communication with external 6800-type peripheral devices. For 
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our discussion, the AS output of the 68000 is not used here, and in 
some systems AS may not have any electrical effect on the external 
hardware. 


R/W IS SET TO A LOGICAL 1. 


The next event to occur in the electrical sequence of events is 
the R/W output from the 68000 is set to a logical 1. In this way the 
external hardware is informed that a READ operation will occur 
during the CPU execution cycle. In Fig. 8-2b, we see that the R/W 
output is inverted and input to IC3 pin 12. Input pin 12 of IC3 is a 
logical 0 if, and only if, the R/W is a logical 1. 

Pin 13 of IC3 in Fig. 8-2b is a logical 0 when the port address is 
equal to 7FFFFF or 7FFFFE and address line A238 is a logical 1. 
This will be address FFFFFE or FFFFFF and is the logical condition 
of the address bus selecting the input port. When address line A283 is 
a logical 1, the system is performing I/O operations. This is deter- 
mined by the system design. In a memory-mapped I/O system, a 
certain portion of the available memory space is reserved for I/O. 

With input pins 12 and 13 of IC3 a logical 0, output pin 11 isa 
logical 0. Pin 11 of IC3 is connected to input pins 10 and 1 of IC8. 
These input pins will enable the OR gates with output pins 8 and 3. 
Output pins 3 and 8 will not be a logical 0 at this time. 

Again, we note that all of the preceding operations in the 
68000 system hardware are static. The operations can be verified 
using SST and standard digital troubleshooting techniques. The 
troubleshooter may concentrate efforts on only one signal in the 
total system at any given time. Furthermore, the signal is static. 
This will help enormously when isolating a malfunction on a partic- 
ular signal line. 


UDS, LDS OR BOTH ARE SET TO A LOGICAL 0. 


Next, the UDS or LDS control line from the CPU will become 
asserted. We can simulate this event by placing the UDS or LDS 
switch on the SST into the logical 0 position. 

UDS output of the input port circuit of Fig. 8-2b is connected to 
input pin 9 of the 74LS32 IC3. With both input pins 9 and 10 of IC3 
at a logical 0 level, output pin 8 will be a logical 0. The LDS output 
from the 68000 is connected to input pin 2 of IC4, shown in Fig. 8-2b. 
With input pins 2 and 1 at a logical 0 level, output pin 3 of IC4 will 
be a logical 0. 

The outputs of IC5 and IC6 of the 74LS244’s are now logically 
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connected to the system data bus. This is due to the input pins 1 and 
19 of IC 5 and IC6 (RUD and RLD) being asserted to a logical 0 level. 
These are the enable input lines for the 74LS244’s. 

Let us review exactly in what state the input circuit is set up. 








1. The address is fully decoded; port is selected. 
2. A23 is a logical 1, indicating an I/O operation. 
3. R/W is a logical 1. 

4. UDS and LDS are both a logical 0. 


The input data from an external device is, at this point, log- 
ically in control of the system data bus. For our system, we see that 
the external inputs, pins 17, 15, 13, 11, 2, 4, 6 and 8 of IC5 and IC6 of 
Fig. 8-2b are in control of the system data bus. This is because IC5 
and IC6 are enabled via RUD and RLD, respectively. 

At the SST data LEDs, we can verify visually that the logical 
conditions that exist on the input lines to IC5 and IC6 are physically 
reaching the CPU data input pins. The data seen at the LEDs on the 
SST will be dependent on the data present at the data input pins of 
IC5 and IC6. (See Fig. 8-3.) 

If we are interested in verifying the operation of IC5 or IC6 
with no external device connected, we can force data at the input of 
IC5 or IC6 and examine the response at the SST LEDs. For example, 
with none of the external switches connected to IC5 or IC6 data 
input lines, all lines will be a logical 1. This is due to the floating 
input. A floating input on a TTL device is electrically treated as a 
logical 1. 





Input PORT 


68000 


Input PORT Data 





These Signal Lines 
Control the 
System Data Bus 


LED’s Will Indicate the 
Logical State 


FIGURE 8-3. Block diagram showing how the external signals 
connected to the input port will control the logical state of the data 
bus. These external signals will be the logical inputs to the 68000 
during an input operation. 
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With the system statically set in the preceding condition, all of 
the LEDs on the SST will indicate a logical 1 on each line of the 
system data bus. The external input pins can be grounded one at a 
time via the external switch provided. As each pin is grounded, the 
corresponding LED on the SST will reflect the logical 0. (See Fig. 8-4 
for a block diagram representation of exactly what is occurring in 
the system.) 

This type of verification is exactly what we used for verifying 
the memory data path. Further, this verification may be performed 
on any of the existing input ports of a system, the only difference 
being that the address lines will change to enable a different input 
port. 

In a typical system in use in industry, there probably will not 
be external switches neatly connected to the input port. The data 
input lines may come from many different transducers or from 
monitor points in the control loop. If this is the case, then the input 
line can be examined with a logic probe to determine what the data 
shown on the SST LEDs should be. 


DTACK INPUT TO THE 68000 IS SET TO A LOGICAL 0. 


When UDS or LDS are asserted to the logical 0 state by the 
68000, the DTACK input must also be asserted to a logical 0. This 
input must be a logical 0 before the 68000 will electrically proceed 
in the hardware operation. This input signal is used to inform the 
68000 that the external hardware device is ready to proceed. 

Figure 8-5 shows how the DTACK input to the 68000 is as- 
serted (as discussed in Chaps. 6 and 7). If the DTACK input is 


Input PORT 


Close Switch 
One at a Time 


16 Switches on 


Tocpyu DO-D15 Input PORT 


Data 
Lines 


FIGURE 8-4. General concept of stimulating one external input 
signal at a time and monitoring the result on the 68000 SST LEDs. 
In the input port we are using, this is easy to do because of the 16 
SPST switches connected as input data. 
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FIGURE 8-5. Schematic diagram showing how the DTACK input 
to the 68000 is asserted via the external hardware. Note, if this 
were an I/O operation with a 6800 type of external device, the 
DTACK input must be held at a logical 1. This circuit would not do 
the job. 


asserted in a different manner on another system, the electrical 
response by the CPU would be the same. No matter how the exter- 
nal hardware is designed to assert the DIACK input to the 68000, 
the signal would go to a logical 0 after the UDS or LDS outputs have 
become asserted. 

An LED in the 68000 SST will visually show the logical level of 
the DTACK input line. If the DTACK input is not asserted at this 
time, leave the system set up statically and determine the cause. 
Again, now the problem is reduced to a familiar digital trou- 
bleshooting one of finding out why a particular digital signal failed 
to respond to a given stimulus. Let us assume that the DTACK 
input to the 68000 responded as it should. 


UDS, LDS, AND AS ARE SET TO A LOGICAL 1. 


The final event in the input READ operation is the UDS, LDS, 
and AS control lines from the CPU will become unasserted. This can 
be simulated by placing the corresponding SST switches to the logi- 
cal 1 position. With the SST switches in this condition, the RUD or 
the RLD line in the circuit of Fig. 8-2b will be a logical 1. Data from 
the selected input port are removed from the system data bus. 





THE HARDWARE EVENT IS COMPLETE. 


We have just examined and electrically verified the hardware 
response of the input READ operation using the SST. This type of 
hardware verification is easy to perform on most microprocessor 
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systems. The main focus in the troubleshooting is to ensure that the 
hardware path for data, address, and control are logically valid. 
Notice that each path is independent and completely static in 
operation. 

Most electrical verification is concerned with the operation of 
combinational logic circuits. This verification is easy to do when an 
SST type of instrument and a logic probe are used. If the hardware 
fails to respond correctly, the system may be “frozen” in the failed 
state to locate the malfunction. 

With the system in a failed state, the path of the failed signal 
can be traced and standard digital troubleshooting techniques can 
be applied to finding the source of trouble. The system need not be in 
a dynamic environment for one to solve most hardware trou- 
bleshooting problems. 


8-4: TROUBLESHOOTING AN OUTPUT 
OPERATION 


In the remaining sections of this text, we will discuss how to 
verify electrically the hardware used in an output operation. This 
type of system debugging is useful when interfacing, or trou- 
bleshooting, a defective output port in a microprocessor system. To 
show how SST can be used in troubleshooting output operations, we 
will make use of the output port circuit discussed in Chap. 3. 

The output port is 16 bits wide and designed to fit into the 
68000 system architecture. The port is designed using discrete TTL 
devices and is similar in concept to the input port discussed 
previously. 

To start the discussion, an overview of the output port block 
diagram will be given. Next we will review the sequence of events 
that occurs each time the 68000 writes data to an output port. Fol- 
lowing this review, it will be shown how to verify the system hard- 
ware at each step in the sequence. Again, we state that this type of 
hardware verification may be applied to most 68000 microprocessor 
systems. This particular output port was chosen to instruct and give 
a real example of using SST techniques. 

Figure 8-6 shows a block diagram of the output port circuit. In 
Fig. 8-6, there are 16 physical output lines shown. The output port is 
capable of latching 16 bits of data in a parallel fashion from the CPU 
and outputting the 16 bits of data to an external instrument. 

The source of data is the CPU data output pins. Data from the 
CPU is input to all output ports in the system. Only the output port 
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FIGURE 8-6. Block diagram showing the major hardware blocks 
of a general 16-bit output port for use with the 68000. 


that is decoded by the address bus will use the data on the system 
data bus lines. 

Address inputs to the output circuit are Al—A23. These are the 
same address inputs that were used for the input port circuit. The 
address decoding block of Fig. 8-6 is the section of hardware the 
output port uses to enable the circuit logically. 

The strobing of data at the output port is accomplished by the 
control logic block shown in Fig. 8-6. Inputs to the control block are 
R/W, UDS, LDS, and the port select line from the address decoding 
block. Outputs from the control logic block are WUD and WLD. 
These two signals will strobe the data for the upper byte, lower byte, 
or both, at the correct time in the output transfer cycle. 











8-5: SEQUENCE OF EVENTS FOR AN 
OUTPUT WRITE OPERATION 


With this introduction to the output port circuit, let us review 
the sequence of events for an output WRITE operation. After this 
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review, we will show exactly how the microprocessor hardware re- 
sponds and how to verify electrically each step in the sequence. 


1. First, the address lines A1—A23 will output the port address 
where data will be written. 


At this time, the address decoders in the microprocessor system will 
decode the port address for the selected output port. 


2. Next, the CPU will assert the AS control line. This is the 
hardware signal that indicates to the system that the CPU 
is outputting valid address data on Al—A23. 

3. The CPU will set the R/W control line to a logical 0, indicat- 
ing that a WRITE operation will occur. 

4. The CPU outputs the data to be written to the address out- 
put port on the system data bus. 

5. Next, the CPU asserts the UDS, LDS, or both control lines. 
These are the timed control signals that will start the data 
transfer at the selected output port. 

6. The DTACK input is asserted via the external hardware. 
This is an electrical indication that the system hardware is 
ready to proceed in the transfer. 

7. Finally, the CPU will unassert the UDS, LDS, and AS con- 
trol lines. 


THE HARDWARE TRANSFER IS NOW COMPLETE. 


8-6: VERIFYING THE HARDWARE 
RESPONSE TO THE SEQUENCE OF 
EVENTS 


Let us now use the sequence of events just given and the SST to 
verify the hardware response. Keep in mind that the hardware re- 
sponse may be unique for each system, but the sequence of events 
will remain constant. It could be helpful to understanding if you 
were to examine another system of hardware and think through the 
hardware response of that system. 

The first step in the sequence of events is: 


ADDRESS IS OUTPUT ON THE ADDRESS LINES. 
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The address decoding for the port circuit is exactly the same as for 
the input port. You are asked to refer to the section of the chapter 
dealing with the address decoding for the input port to see exactly 
how this function may be verified using SST. 


AS IS SET TO A LOGICAL O. 


The 68000 will now set the AS control line to a logical 0. In 
some systems, this signal is not used. In other systems, the AS 
control line will synchronize some of the external transfers. An ex- 
ample is the VPA input to the 68000. This input electrically informs 
the CPU that a 6800-type peripheral device will be communicated 
with. 





R/W OUTPUT IS SET TO A LOGICAL O. 


When the R/W control line from the 68000 is set to a logical 0, 
it is an indication to the external hardware that a WRITE operation 
will occur. In Fig. 8-2b, we see that the R/W output is connected to 
pin 5 of IC4. When R/W is a logical 0, the OR gate contained in IC4 
with pin 6 as the output is enabled. 

Input pin 4 of [C4 is the port select line. This line will be a 
logical 0 when the port address is present on the 68000 address bus 
and the 68000 is electrically communicating with I/O. This same 
port select line is used for the input and output port select decoding. 
The 16-bit port is truly an I/O port. 

With the system set in the preceding state, all logical condi- 
tions exist for proper operation of the output decoding circuit. This 
circuit may be verified by use of the SST—that is, the address lines 
and the R/W line can be set to the correct logical levels using the 
SST. Output pin 6 of IC4 may be examined using a logic probe. 

Output pin 6 will be a logical 0 when the circuit is operating 
correctly. If pin 6 is not a logical 0, the decoding circuit may be 
statically traced back to the source of the stimulus to isolate the 
malfunction. The source of all stimulus for the circuit is the 68000 
or, more precisely, the 68000 SST. 


CPU OUTPUTS DATA TO BE WRITTEN TO THE OUTPUT 
PORT. 


Using the SST, we can simulate this function quite easily. To 
accomplish this, the switches labeled “DO—D15” are set to the data 
we wish to transfer to the output port latch. For testing purposes, we 
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will transfer a pattern of alternate 1’s and 0’s. This means that the 
data word to output on the data bus is either 5555 or AAAA base 16. 

Let us output 5555 on the data bus. This will mean that DO, 
D2, D4, D6, D8, D10, D12, and D14 will be a logical 1. All other data 
bits will be a logical 0. The data pattern is: 


D15 DO 
0-1-0-1 0-1-0-1 0-1-0-1 0-1-0-1 


With this data pattern set on the SST data switches, the sys- 
tem troubleshooter may verify that the information can electrically 
reach the data latches IC7 and IC8 shown in Fig. 8-2b. Using a logic 
probe, the logical condition of each input pin of IC7 and IC8 of the 
74LS374 can be verified. If any of the data bits fail to indicate the 
correct logical level, then the troubleshooter can determine the 
cause. 

Let us assume that all data inputs to the 74LS374 latches of 
Fig. 8-2b are correct. The next event to occur in the output operation 
is: 


UDS OR LDS CONTROL LINES ARE ASSERTED TO ‘0’. 


We can simulate this operation by setting the UDS or LDS 
switch on the SST to the logical 0 position. In examining the sche- 
matic of Fig. 8-2b, we see that the UDS signal is input to IC4 pin 12. 
IC4 pin 13 will be a logical 0 due to the R/W being set to a logical 0 
by the 68000 and the port select line decoding the correct port 
address. 

With UDS going to a logical 0, the output pin 11 of IC4 is set to 
a logical 0. This signal is labeled “WUD” (Write Upper Data). When 
this signal is a logical 0, the data strobe to the upper data byte latch, 
IC7, is set to a logical 0. 

When the preceding operation occurs, the data will not be 
strobed into the latch. The timing diagram for the data transfer 
with a 68000 microprocessor indicates that data should be trans- 
ferred on the positive-going edge of the UDS control line. The 
74LS374 latch is designed to transfer data on the positive-going 
edge of the clock input pin 11. 

When the WUD signal is set to a logical 1 under the control of 
the 68000, the data at the input pin of the 74LS374, IC7, will be 
transferred to the latch output pins. 

In Fig. 8-2b, we see that the LDS output from the 68000 is 
input to pin 9 of IC4. Pin 10 of IC4 is set to a logical 0 at the same 
time as pin 13 described for the UDS signal. When the LDS is set to 
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a logical 0, the output pin 8 of IC4 is set to a logical 0. This output is 
labeled “WLD” (Write Lower Data). When this line switches from a 
logical 1 to a logical 0, and back to a logical 1 again, the data on the 
lower byte of the system data bus is transferred to the 74LS374 IC8 
latch outputs. 

It can be seen from the individual control of the UDS and LDS 
lines that either the upper data byte, the lower data byte, or both 
can be written to the output port by the 68000 during a single 
output transfer. 

The next event to occur in the output operation is: 





DTACK INPUT IS ASSERTED BY EXTERNAL HARDWARE. 


Figure 8-5 showed how this operation was accomplished in the 
system. This event can be monitored by an LED on the 68000 SST 
that is connected to the DTACK input pin. (See Fig. 8-7.) If the 
DTACK input is not valid at this time, then the malfunction may be 
traced using static digital troubleshooting techniques. It should be 
noted that either UDS or LDS must be a logical 0 for the DTACK to 
be a logical 0, as shown in Fig. 8-5. 

The final step in the output operation is: 








UDS, LDS, AND AS CONTROL LINES ARE UNASSERTED 
VIA THE CPU. 


At the time control lines go to a logical 1, the hardware event is 
complete. The data that was present on the system data bus will 
have been written to the selected output port. Notice that by using 


+5 68000 SST 68000 System 
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FIGURE 8-7. Schematic diagram showing how the DTACK input 
to the 68000 can be visually monitored on the SST. 
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the SST any data desired can be written to an output port. This 
means that if an output device requires a certain word to perform a 
particular function, we can write that word to the output device. 

For example, suppose an output device requires a certain word 
to turn on a motor or a light. That word can be written to the port 
using the SST. The output device can be controlled in exactly the 
same way the CPU would be doing if a program were running. In 
this way, the output receiving hardware of the interface can also be 
troubleshooted. The output port can be checked to determine if the 
correct word is being written to the device. After that, the device can 
be checked to determine if it is responding to the correct word in the 
appropriate way. 


8-7: CHAPTER SUMMARY 


In this chapter, we have discussed the sequence of events re- 
quired for reading and writing data to an I/O port. The discussion 
centered on the use of the SST. It was shown how to verify each 
section of system hardware involved in the I/O operation. 

The discussions were general enough to allow one to adopt and 
modify the details to any microprocessor system that has been de- 
signed around the 68000 microprocessor. Main points of the discus- 
sions were to make you aware of the complete static operation of 
microprocessor systems. Using SST, you can take advantage of the 
static nature of microprocessor systems and reduce the trou- 
bleshooting problem to a standard digital one. 

We did not outline exact procedures in this chapter. Rather, we 
presented essential details that would allow the reader to under- 
stand how to apply SST. 

The SST concept of microprocessor troubleshooting takes ad- 
vantage of the static nature of microprocessor systems. It gives the 
troubleshooter enough time to trace the fault. You do not have to 
know software to apply SST effectively. Further, you do not have to 
learn new troubleshooting skills to have repeated success with the 
SST. You may simply apply old digital troubleshooting techniques 
to the microprocessor system troubleshooting problem. 


CHAPTER 9 


A MEMORY SYSTEM 
DIAGNOSTIC 


9-1: INTRODUCTION 





In this chapter, we will discuss a unique software routine. This 
software routine is designed to verify the operation of the system 
hardware—that is, hardware verification will be accomplished via 
software execution. The basic idea is to locate hardware fault sites 
by analyzing the way in which the system fails to execute software 
instructions. It should be pointed out that software diagnostics are 
of little value if the system under test is not capable of executing 
any code. This is perhaps the major shortcoming of troubleshooting 
techniques based on software diagnostics. 

In the previous chapters of this text, we presented details on 
how to troubleshoot the main hardware of the 68000 system using 
Static Stimulus Testing. Note that Static Stimulus Testing is totally 
independent of software. In troubleshooting, a defective system 
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must first be made to read data from system ROM. This is the 
troubleshooter’s first step, the beginning point in the troubleshoot- 
ing process. This can be accomplished using the SST. Once the sys- 
tem can read data from ROM, then the troubleshooter can write 
software to check other parts of the microprocessor system. 

When troubleshooting microprocessor systems, one’s objective 
is to get the system quickly to a point where the microprocessor can 
aid in the troubleshooting process. The Static Stimulus Tester is the 
easiest tool to accomplish this task. We will assume in this chapter 
that the hardware has been checked out and that the microprocessor 
system is capable of reading data back from system ROM. We will 
further assume that the microprocessor itself is not defective. 

Let us now discuss a memory diagnostic. This test is designed 
to check all storage cells of a static or dynamic RAM system. If the 
system passes the test, the troubleshooter can have confidence that 
the RAM section of the system is operating correctly. If the test fails, 
the system will inform the troubleshooter of the defective address. 
Knowing the defective address will enable the troubleshooter to 
focus on the actual hardware chips that reside at this system 
address. 

To begin, let us go over a flowchart of this memory test. After 


ADDRESS 


ADDRESS 





FIGURE 9-1. The entire physical memory has logical 1’s written 
into every memory location. This sample memory is organized as 
10 address locations deep by 8-bits wide. The information in each 
address location is equal. 
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discussing the flowchart, we will realize each step with 68000 
mnemonics. The memory test that we will use is called a “march 
test.” This type of memory test is capable of uniquely determining if 
reading or writing to any memory location will disturb the informa- 
tion residing at other locations. To explain exactly what this means, 
consider the following. 

Let us say we designed a memory test that will first write all 
1’s into the memory. The test will then read back the data and check 
to see if all 1’s are in the memory. At the end of this test, we would 
like to have confidence that the memory system is good if the test 
passes. However, a test that does only what we just described will 
not do the job because, if all locations of the memory had logical 1’s 
written into them, we could not distinguish one memory address 
from another. (See Fig. 9-1.) This means that the internal address 
decoders on the chip could be defective and the memory device 
would still read back logical 1’s at each address. However, the logi- 
cal 1’s could keep coming from the same physical address inside the 
memory chip—that is, no address lines would need to be switching 
in the memory, yet the test will still pass. (See Fig. 9-2.) 

Such a limited test has none of the unique qualities of a march 
pattern. Writing all 1’s into a memory and then reading the 1’s is 


Data Output 






Address Input 


System Memory 


FIGURE 9-2. All physical address lines may be shorted to 
ground or stuck at logical 1. Even so, the memory device would still 
be outputting the expected data. Or, the data may all be coming 
from the same physical address instead of the one expected. 
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not a rigorous test for a microprocessor memory system to pass. A 
march pattern will remedy this weakness. 


9-2: IMPLEMENTING A MARCH PATTERN 


To explain exactly how the march pattern will work, let us 
show a small example. From this example, the testing scheme may 
be expanded to accommodate any length or width of memory sys- 
tem. We will assume that a 4 X 4 memory array is being used, as 
shown in Fig. 9-3. 

First, a background of data of all 0’s will be written into the 
memory. 

The software will instruct the microprocessor to write all 0’s 
into the memory space. After this operation, the 4 x 4 array will 
physically appear, as shown in Fig. 9-4. 

Next, the microprocessor will read the background data from 
the first physical location. Data read from this location will be test- 
ed by the microprocessor to determine if it is a logical 0. If the data is 
a logical 0, then the memory READ operation was successful. The 
microprocessor will then write the complement data into the loca- 
tion just read. At the completion of this event, the physical memory 
will appear, as shown in Fig. 9-5. 

The microprocessor will now perform the same operation on 
each successive memory cell—that is, the microprocessor will read 
the background data, test it for proper logic level, and then rewrite 


X X X X 
X xX X X 
X X X X 
X X X X 


FIGURE 9-3. A 4 x 4 memory array. Each “X” represents a 
physical memory cell in a semiconductor memory. 


0 0 0 
0 0 0 
0 0 


oO oO Oo 


0 


0 0 0 0 


FIGURE 9-4. The memory array will have logical 0’s written into 
each physical memory cell. 
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1 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 


FIGURE 9-5. After each memory cell is tested, the complement 
data is written into the tested space. This shows how the memory 
will appear after the first cell is tested. 


the opposite logical level to the memory location. This process will 
continue until all of the memory cells have been read and tested. 
Figure 9-6a,b shows how the data is written into memory. From this 
figure, you can see how the pattern is “marched” through the memo- 
ry space. 

After all of the memory has been read and written, the micro- 
processor will set up to execute another pass through the memory. 
Before we explain what the next pass of memory will be, let us 
discuss exactly what we have tested thus far. 

At this point, we will assume that the memory has verified at 
each in the foregoing sequence. We have physically tested that each 
address location in the memory is capable of three hardware opera- 
tions, which are: 


1. The memory cell can store a logical 0. 

2. A logical 0 can be read from the memory cell. 

3. A logical 0 can be read from the memory cell and a logical 1 
can be written to the memory cell without disturbing the 
data at any forward memory location. The term “forward 
location” refers to any memory cell that resides at an ad- 
dress greater than the cell under test. 


1 1 1 0 1 1 1 1 


0 0 0 0 1 1 1 1 

0 0 0 0 1 1 1 1 

0 0 0 0 1 1 0 0 
(a) (b) 


FIGURE 9-6a. This is how the 4 x 4 memory array will appear 
after three memory cells have been tested for a logical O and then 
have a logical 1 written into the cell. 

FIGURE 9-6b. This figure shows how the memory array will ap- 
pear after 14 memory cells have been tested. Notice how the logi- 
cal 1’s “march” through the memory. 
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0 0 oO 0 
o 1 1 1 
1 1 1 1 


1 1 1 1 


FIGURE 9-7. This figure shows how the memory array will ap- 
pear on the “second pass.” The memory array has had 5 physical 
cells tested for logical 1 and replaced with a logical 0. 


We have not yet checked the memory for backward distur- 
bance. That is, the memory locations that are physically located at 
addresses behind the location under test may have been disturbed 
and data changed, but these are not checked on the first pass. We 
must ensure that no backward disturbance has occurred in the 
memory. 

To accomplish this, another pass through the entire memory 
will be done. This time, the logical 1 is read at the memory location, 
and it is replaced with a logical 0. When the logical 1 is read from 
the memory cell and tests correctly, we have ensured that no back- 
ward disturbance has occurred. Figure 9-7 shows the pattern of 
testing on this second pass of the memory. 

If the entire memory tests properly, the data stored at the end 
of the test will be the same as the background data that we had 
initially written into the memory. 

Up to this point, we have indicated what we are testing in the 
memory. However, what if the data read back from the memory is 
not what we expected? What do we do if the test fails? If the test 
fails, we must have a way of determining at which address the 
failure occurred. Near the end of the software discussion, we will 
discuss exactly how you can accomplish this. 


9-3: THE MARCH PATTERN FLOWCHART 


The flowchart for a march pattern is shown in Fig. 9-8. Let us 
discuss each step of this flowchart in detail so you may become 
sufficiently familiar with the logic of the flow to understand how the 
program may be implemented on another 68000 system. 


Step A 


The first step in the flowchart is the initialization section. In 
this section, the starting address of the memory test and the ending 
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Step A Load Starting and Ending Address 
















Step B Write a Logical 0 into the Memory 
Step D 
Step C 
Add = Add + 2 Reset Address to Starting Location 
Step E Read Memory Data 





Step F 


Fail : 
| ai Section Step G 







Output Failed Aadiese Write 5555 into Memory Add 


Output Failed Bits 





| Yes Increment Add by 2 


Step I : Reset Address to Starting Address 


Step J | Read Memory Data 


Step K Step L 





Write AAAA to Memory 


Step M 





Yes Increment Address by 2 


Jump to Start 


FIGURE 9-8. General flowchart for running a “march pattern” 
memory test. 
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address of the memory test will be placed into internal micro- 
processor registers. This is necessary because the system RAM 
space can be located anywhere in the microprocessor system. For 
our system, the RAM starting address will be 003000 and the RAM 
ending address will be 0037FF. This is the memory space that exists 
in the small system we have been discussing. The 68000 will read 
two bytes of memory during each memory READ operation. There- 
fore, the ending address we must use is 0037FE. 


Step B 


At this step in the flowchart, the microprocessor will write the 
background data into the memory address. The background data for 
this test will be AAAA. This word was chosen because it is an 
alternating pattern of 1 and O for data stored at a particular 
location. 


Step C 


This is the decision block. The microprocessor will test to see if 
this is the last address in the memory test space. If the test is false, 
then the system memory address is incremented by two and the 
microprocessor goes back to step B. If the test is true, we are at the 
last address, and the microprocessor will go to step D. 


Step D 


At this step, the microprocessor will reset the test address to 
the starting address of the memory space. By now, the micro- 
processor has written the background data AAAA into all memory 
locations between the lower and upper limits of the test space. 


Step E 


Now the microprocessor will read back the data at the memory 
location specified. This data will be the background data AAAA. 


Step F 


This is a decision block. The microprocessor will determine if 
the data read back from the memory location was as expected—that 
is, was the data read back equal to AAAA? If the data was not equal 
to AAAA, then the microprocessor will jump to the fail section of the 
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program. (We will explain about the fail section at the end of this 
flowchart discussion.) 1 

If the data read back from the memory was as expected, 
AAAA, the microprocessor will go to step G. 


Step G 


The data read back from the address under test was correct. 
The microprocessor will complement the data and write this new 
data into the address under test. The data that will now be in the 
memory location is 5555. This is the 1’s complement of AAAA. 


Step H 


The microprocessor will not execute the decision block. The 
decision to be made is whether the address under test is the last one 
of the designated memory space to be tested. If the address is not the 
last one to be tested, the microprocessor will increment the address 
counter by two. The microprocessor will then jump back to step E. 
At this step, the microprocessor will again read data from memory. 

If the microprocessor is at the last memory address to be tested, 
we know that the first pass through the memory was successful. We 
must now set up the microprocessor to prepare for the second pass. 


Step | 


The microprocessor will now reset the test address to the first 
address in the RAM test space. For our system, the address will be 
003000. 


Step J 


The microprocessor will now read the data back from the mem- 
ory. Recall that this is identical to step E. However, at this point, the 
microprocessor is expecting the data to be equal to 5555. 


Step K 


In this decision block, the microprocessor must determine if 
the data read back from the memory space was equal to 5555. If the 
data is not correct, the microprocessor will jump to the fail section of 
this program. 

If the data read back from the memory is correct, the micro- 
processor will advance to step L. 
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Step L 


In this step, the microprocessor will complement the data read 
back from the memory, and it will write this complemented data to 
memory. The data written to memory at this step will be AAAA. 
This is the 1’s complement of the data 5555. 


Step M 


In this decision block, the microprocessor must determine if 
the test address has reached the upper limit. If this is true, then the 
memory has passed the entire test. In this case, the program can 
jump back to the start of the program. This will allow the system to 
execute the RAM test continually for an indefinite period of time. 
The program may also jump to any other program the system trou- 
bleshooter wishes. 

If the address is not the last one to test, the microprocessor will 
increment the address count by 2, and then jump back to step J. 


9-4: FAIL SECTION OF THE FLOWCHART 


If the system fails to read back the correct data, the micro- 
processor will jump to this section of the program. This section will 
do three things: 


1. It will inform the troubleshooter that the test has failed. 
2. It will indicate what address failed. 
3. Further, it will indicate which data bits failed. 


We will show how you can determine all three of these items of 
information by using only an oscilloscope. If the system has a CRT 
interface that is working, then the program can be made to write 
this information to the screen. We will assume that the system we 
are troubleshooting does not have a CRT interface that is working, 
or that the system does not require a CRT interface to function. 

First, we wish to know if the test passed or failed. This can be 
done in the following way. We make the RAM test loop back to the 
start when it passed. This will allow the test to loop indefinitely, or 
until we force the system to execute another test. 

With the system looping on the RAM test, the only control 
signals that will be active are the memory control signals—that is, 
we are not performing any I/O operations during this test. If the test 


9-4: FAIL SECTION OF THE FLOWCHART 171 


is passing, then you can simply monitor the I/O request line, A23. If 
this line is always a logical 0, then the memory test has passed. 

Using this simple control signal for a pass/fail indicator will 
work for other microprocessor-based systems also. We will assume 
that if the I/O request line is not active, the test has passed. The 
opposite of this statement is also true. If the I/O request line, A23, is 
ever a logical 1, then the test has failed. We have not yet shown how 
this is to be implemented with software. 

If the memory test fails, then we want to know the defective 
address. Here is how that can be done: The address under test is 
contained in an internal register on the 68000. If the data read back 
from the memory was in error, we will jump to the fail section of 
code. All internal registers will retain the data that was contained 
in them at the time of the memory failure. 

In the fail section of code, we can write the register that con- 
tains the memory address to an output port. The choice of the output 
port code is arbitrary. An output port that is not being used by the 
system for other hardware operations should be chosen. For exam- 
ple, let us choose output port address F00002. 

We can “sync” our oscilloscope display on the A23 address line. 
When this line is a logical 1, the data on the data lines is equal to 
the address of the memory that failed the test. (See Fig. 9-9.) 

A means has now been shown for indicating that the test has 





FIGURE 9~—9. Timing diagram showing logical levels on the data 
output lines during an output WAI/TE operation. These lines will 
contain the logical address of the failed memory address during this 
output operation. 
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REG DO= Expected Data From Memory 
D15 \ DO 


1 0 1 0 1 0 1 0 1 0 1 0 1 0 414 +O 


1 0 1 0 1 0 1 0 1 0 1 0 1 1 1 0~«— REG D1 = 
Data Read From Memory 


0 0 0 0 0 0 0 0 0 0 0 0 0 #4 OQ O-——\Exclusive-Ored Result 


FIGURE 9-10. The expect data is stored in register DO. Data 
read back from memory is in register D1. When these two registers 
are exclusive-ored together the bits that do not match will be a 
logical 1. In this example, bit DO2 did not match. 


failed, and also for indicating which address was in error. The last 
piece of information we wish to obtain is what data bits failed. This 
can be accomplished in the following way. 

At the time of the memory failure, the data read back from the 
system RAM was compared against the expected data. This means 
that both words were contained in some internal 68000 register. In 
the fail routine, we can exclusive-OR these two registers together. 
The result will be a logical 1 in each bit position where there was a 
failure. (See Fig. 9-10.) 

The result of the exclusive-OR comparison will be stored in a 
68000 register. We can output this data to an output port address. 


A23 
AS \ 
ee Output Port FOO004 


Output Port FOO002 
Al 


FIGURE 9-11. Address line A1 is a logical 0, when output port 
FQ0004 is writing data. This address line is used to indicate which 
type of data is on the system data bus. That is, when A1 is a logical 
1 the data bus is outputting failed memory data bits. When A1 is a 
logical 0, the data bus is outputting the failed memory address. 
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Exclusive or Reg DO with Reg D1 


Store Results in Reg D1 






, ee 
Output Result in D1 to Port OFOOO = (Failed Data) 
Output Reg A2 to Port OFO0004 (Failed Address) 


Branch unconditionally 
I 


FIGURE 9-12. Flowchart for the fail routine section of code. 


We will choose a different output port address than the one chosen 
for the outputting of the failed memory address, port FO0002. We 
will use output port address F00004. 

We choose the port address F00004 for a particular reason. If 
we examine the ports chosen, they differ in two bit positions—that 
is, Al is a logical 1 for one address and A2 is a logical 1 for the other 
address. To determine which output port data is on the data bus at 
the time of an output WRITE operation, we can examine the logical 
state of address line Al or A2. (See Fig. 9-11.) 

During the time that A23 is a logical 1 and the address line Al 
is a logical 1, the data on the system data bus will be the failed 
memory address. When A23 is a logical 1 and A2 is a logical 1, the 
data on the system data bus will be the failed data bits from RAM. 
The flowchart for realizing this fail routine is shown in Fig. 9-12. 

The fail routine will be continually loop outputting the failed 
memory address and the failed data bits. The flowchart of the mem- 
ory test is designed to stop on the first failure detected. 


9-5: MNEMONICS FOR REALIZING THE 
FLOWCHART 


A listing of the 68000 mnemonics that will realize the 
flowchart discussed in the previous section follows. Each step of the 
program is related to a step of the flowchart discussed previously. 


\ 


vLl 


START OF MAIN PROGRAM 


THIS TEST WILL PERFORM A MARCH MEMORY TEST ON EACH 
WORD OF SYSTEM RAM. THE STARTING ADDRESS IS 4000. 
THE ENDING ADDRESS IS 7FFF. THE BACKGROUND DATA WILL 
BE AAAA AND 5555. 


AO = LOWER ADDRESS LIMIT 
A1 = UPPER ADDRESS LIMIT 
A2 = PRESENT ADDRESS OF TEST 


DO = DATA FOR WRITE AND COMPARE 
D1 = DATA BACK FROM THE MEMORY TO TEST 


IF THE PROGRAM FAILS, IT WILL JUMP TO THE FAIL 
SECTION OF CODE. IF THE PROGRAM PASSES, IT WILL 
JUMP BACK TO THE START AND CONTINUALLY LOOP ON 
THE TEST. 


GZ\ 


0000 
0006 
000C 
0012 


END OF THE INITIALIZATION. START OF THE WRITE LOOP 


0014 
0016 
0018 
001A 
001C 


207C 
227C 
203C 
3448 


3480 
B4C9 
6704 
544A 
60FB 


0000 
0000 
0000 


4000 
7FFF 
AAAA 


MTEST 


MWRIT 


MOVE.L 
MOVE.L 
MOVE.L 
MOVE 


MOVE 
CMPA 
BEQ 
ADDI 
BRA 


FINISHED WRITING THE BACKGROUND DATA AAAA. 


NOW TO START THE TESTING OF THE MEMORY 


OO1E 
0020 
0022 
0024 
0026 
002A 


3448 
3212 
BO41 
6628 
0A41 
3481 


FFFF 


LTEST 
LAGA 


MOVE 
MOVE 
CMP 
BNE 
EORI 
MOVE 


#4000H,A0 
#7FFFH,A1 
#OAAAA,DO 
A0,A2 


DO,(A2) 
A1,A2 
LTEST 
#2H,A2 
MWRIT 


A0,A2 
(A2),D1 
D1,DO 
MTAIL 
#0FFFFH,D1 
D1,(A2) 


A SINGLE ADDRESS HAS NOW BEEN TESTED, THE COMPLIMENT 


DATA HAS BEEN STORED IN THE LOCATION. 


002C 
002E 


B2CA 


6704 


CMPA 
BEQ 


A2,A1 
BACKD 


SET LOWER LIMIT 
SET UPPER LIMIT 
SET BACK DATA 
SET TEST ADD 


DO TO A2 IND 

LAST ADDRESS ?? 
IF.EQ.THEN DONE 
INC TO NEXT WOR 
DO THE NEXT WOR 


RSET TEST ADD 
DATA TO A2 IND 
IS DATA GOOD ?? 
IF.NE.THEN FAIL 
INVERT THE DATA 
WRITE INV DATA 


LAST ADDRESS ?? 
IF.EQ.DONE 


9ZI 


0030 
0032 


544A 
60EC 


ADDI 
BRA 


AT THIS POINT IN THE PROGRAM WE HAVE FINISHED 


A SINGLE PASS ON THE MEMORY. THE DATA IN 
MEMORY IS NOW EQUAL TO 5555 AT EVERY LOCATION. 


WE MAKE ANOTHER PASS TESTING FOR THIS DATA. 


0034 
0036 
003A 
003C 
003E 


3448 
O0A40 
3212 
BO41 
660E 


FFFF 


BACKD 
BACK1 


MOVE 
EORI 
MOVE 
CMP 
BNE 


#2H,A2 
LAGA 


A0,A2 
#0FFFFH,DO 
(A2),D1 
D1,D0 
MTAIL 


AT THIS POINT WE HAVE TESTED A SINGLE MEMORY LOCATION 
WE MUST INVERT THE MEMORY DATA AND WRITE IT BACK TO 
THE MEMORY ADDRESS WE HAVE JUST TESTED. 


0040 
0044 
0046 
0048 
004A 
004C 


0A41 
3481 
B2CA 
67B6 
549A 
60EC 


FFFF 


EOR1 
MOVE 
CMP 
BEQ 
ADDI 
BRA 


#0FFFFH,D1 
D1,(A2) 
A2,A1 
MTEST 
#2H,A2 
BACK1 


A2=NEXT WORD 
DO THE NEXT WOR 


RESET TEST ADD 
INV TEST DATA 
GET MEMORY DATA 
DATA GOOD ???? 
IF.NE.THEN FAIL 


INV MEMORY DATA 
WRITE DAT TO MB 
LAST ADDRESS ?? 
IF.EQ. PASS 

A2 = NEXT ADD 
DO NEXT ADD 


ZL\ 


0 ERRORS 


AT THIS POINT WE HAVE TESTED THE ENTIRE MEMORY. 

IF THE TEST PASSES, THE PROGRAM WILL LOOP BACK TO 
MTEST. THIS WILL START THE EXECUTION OF THE PROGRAM 
OVER FROM THE START. 


IF THE TEST FAILS, THEN THE PROGRAM WILL WRITE THE FAILED 
BITS AND ADDRESS USING THE MTAIL SECTION OF CODE. 


THIS IS THE MTAIL SECTION OF THE PROGRAM. IN THIS 
SECTION WE WILL HANDLE THE FAIL OF A MEMORY ADDRESS. 
THE PROGRAM WILL WRITE THE FAILED ADDRESS TO PORT 
OF0004. THE FAILED DATA BITS WILL BE WRITTEN TO PORT 
OFOO002. 


O0O4E B141 MTAIL §EOR DO,D1 

0050 207C O0O0F #0002 ~ ~& MFI MOVE.L  #0F0002H,AO 
0056 3081 MOVE D1,(A0) 

0058 5448 ADDI #2H,A0 

005A 308A MOVE A2,(A0) 

005C  60F2 BRA MF1 

005E 0000 END 


GET THE FAILED BITS INTO 
OUTPUT FAILED DATA 


OUTPUT FAILED ADDRESS 
LOOP ON MTAIL 
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9-6: CHAPTER SUMMARY 


A basic question facing the microprocessor system trouble- 
shooter is whether a malfunction is due to software or hardware. If 
the system once worked, it is unlikely to be a software problem. If 
the system has not yet worked, as in a newly built or prototype 
system, the basic question must be faced. If it can be proven that 
either the software or hardware works, the process is cut in half. 
With Static Stimulus Testing, verification of hardware operation 
can be made independently of software. (The single exception is the 
hardware verification of a dynamic RAM cell.) 

In this chapter, we assumed that a section of the system hard- 
ware was operational. This section allows the microprocessor to read 
data from ROM. We can verify this using SST techniques. With this 
part of the system operational, we cannot let the microprocessor aid 
us in further troubleshooting via software diagnostics. 

The reason we turn to software diagnostics at this point is that 
it will save us time. A major reason for checking ROM with SST 
techniques originally is that we could not apply software diagnostics 
if the microprocessor cannot read data from ROM. 

A march pattern software diagnostic is equally effective for 
both static and dynamic memory systems. While the software pre- 
sented here applies only to the 68000, the concept can be used with 
any 8- or 16-bit microprocessor system. 
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QUADRUPLE 2-INPUT 
POSITIVE-NAND GATES 


positive logic: 
Y=AB 


HEX INVERTERS 


04 


positive logic: 
Y=A 


HEX INVERTER BUFFERS/DRIVERS 
WITH OPEN-COLLECTOR 
HIGH-VOLTAGE OUTPUTS 


positive logic: 
Y=A 


PIN ASSIGNMENTS (TOP VIEWS) 


Ww 2a 28 2Y 


SN5400 (J) 
SN54HO00 (J) 
SN54L00 (J) 
SN54LS00 (J, W) 
SN54S00 (J, W) 


SN5404 (J) 
SN54H04 (J) 
SNS4L04 (J) 
SN54LS04 (J, W) 
SN54S04 (J, W) 


SN7400 (J, N) 
SN74HO0 (J, N) 
SN74L00 (J, N) 
SN74LS00 (J, N) 
SN74S00 (J, N) 


SN7404 (J, N) 
SN74H04 (J, N) 
SN74L04 (J, N) 
SN74LS04 (J, N) 
SN74S04 (J, N) 


4a_ GNO 


1B Vv Vcc 2v 


SN5400 (W) 
SN54H00 (W) 
SN54L00 (T) 


SN5404 (W) 
SN54H04 (W) 
SN54L04 (T) 


SN5406 (J, W) 





SN7406 (J, N) 


The figures on pages 179-182 are from “The TTL Data Book for Design 
Engineers.” © 1981, Texas Instruments Incorporated. 
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PIN ASSIGNMENTS (TOP VIEWS) 


QUADRUPLE 2-INPUT 
POSITIVE-AND GATES 


Positive logic: 
Y= AB 


SN5408 (J, W) SN7408 (J, N) 
SN54LS08 (J, W) SN74LS08 (J, N) 
SN54S08 (J, W) SN74S08 (J, N) 


& INPUT 
POSITIVE-NAND GATES 


30 





positive logic: 
Y = ABCDEFGH 


SN5430 (J) SN7430 (J, N) SN5430 (W) 

SN54H30 (J) SN74H30 (J, N) SN54H30 (W) 

SN54L30 (J) SN74L30 (J, N) SN54L30 (T) 

SN54LS30 (J, W) SN74LS30 (J, N) 

SN54S30 (J, W) SN74S3C (J, N) NC—No internal connection 





QUADRUPLE 2-INPUT 
POSITIVE-OR GATES 


32 


pasitive logic: 
Y=A+B 





SN5432 (J, W) SN7432 (J, N) 
SNS4LS32 (J,W) SN74LS32 (J, N) 
SN54S32 (J, W) SN74S32 (J, N) 


4 LINE-TO-10-LINE DECODERS 


4 2 BCD-TO-DECIMAL 
43 EXCESS-3-TO-DECIMAL 


44 EXCESS-3-GRAY-TO-DECIMAL 


SN5442A (J,W)  SN7442A (J, N) 
SN54L42 (J) SN74L42 (J, N) 
SNS54LS42 (J,W) SN74LS42 (J, N) 
SN5443A (J,W) SN7443A (J, N) 
SN54L43 (J) SN74L43 (J, N) 
SNS444A (J,W) SN7444A (J, NN) 
SN54L44 (J) SN74L44 (J, N) 
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PIN ASSIGNMENTS (TOP VIEW) 


3- TO 8-LINE DECODERS/DEMULTIPLEXERS 


138 olniglololoioin 
te 


Leeann 

A 8 c GIA GzBOCG! v7? =GNO 
Pur 

SELECT ENABLE 


SN54LS138 (J,W) SN74LS138 (J, N) 
SN54S138 (J, W) SN74S138 (J, N) 


PRESETABLE COUNTERS/LATCHES DATA INPUTS 
as 


196 DECADE/BI-QUINARY 


197 BINARY 


SN54196 (J, W) SN74196 (J, N) 
SN54LS196 (J, W) SN74LS196 (J, N) 
SN54S196 (J, W) SN74S196 (J, N) 
SN54197 (J, W) SN74197 (J, N) 
SN54LS197 (J, W) SN74LS197 (J, N) 
SN54S197 (J, W) SN74S197 (J, N) 


OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS 


P80: Muidersticeocie irk ababak 3 
ran 


SN54LS240 (J) SN74LS240 (J, N) 
SN54S240 (J) SN74S240 (J, N) 


OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS 


|e} fe} fo] 
244 NoninverTeD 3STATE OUTPUTS Mcdkaba 5 
Patt Sts| 


16 ‘a 


SNS54LS244 (J) SN74LS244 (J, N) 
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PIN ASSIGNMENTS (TOP VIEWS) 


OCTAL BUS TRANCEIVERS 


245 NONINVERTED 3STATE OUTPUTS -W: F 


mel ah 
fad 


FUNCTION TABLE 


QUAD S-R LATCHES rapes oun Soret 


279 wa or 
DIODE-CLAMPED INPUTS L oH 
TOTEMPOLE OUTPUTS 

H L : 
H = high level! LoL H° 


L = low level 
Qo = the level of A before the indicated input conditions were established. 
*This output level is psoudo stable; that is, it may not porsist when tho 
5 snd R inputs return to their inactive (high) laval. 
Co ee ees SN54279 (J,W)  SN74279 (J,N) 
{ atane aribetn S ineuilew SNS54LS279 (J, W) SN74LS279 (J, N) 





OCTAL D-TYPE LATCHES 


373 3STATE OUTPUTS 
COMMON OUTPUT CONTROL 
COMMON ENABLE 


SN54LS373 (J) SN74LS373 (J, N) 
SN54S373 (J) SN74S373 (J, N) 





OCTAL D-TYPE FLIP-FLOPS 


374 SSTATE OUTPUTS 
COMMON OUTPUT CONTROL 
COMMON CLOCK 





CONTROL 


SNS54LS374 (J) SN74LS374 (J, N) 
SN54S374 (J) SN74S374 (J, N) 


(AA) MOTOROLA 


2048 x 8 BIT UV ERASABLE PROM 


The MCM2716/27L16 is a 16,384-bit Erasable and Electrically 
Reprogrammable PROM designed for system debug usage and similar 
applications requiring nonvolatile memory that could be reprogrammed 
periodically. The transparent lid on the package allows the memory con- 
tent to be erased with ultraviolet light. 

For ease of use, the device operates from a single power supply and 
has a static power-down mode. Pin-for-pin mask programmable ROMs 


are available for large volume production runs of systems initially using 
the MCM2716/27L16. 


@ Single 5 V Power Supply 
© Automatic Power-down Mode (Standby) 
@ Organized as 2048 Bytes of 8 Bits 
® Low Power Version 27L16/27L16-35 Active 50 mA Max 
Standby 10 mA Max 
27L16-25 Active 70 mA Max 
Standby 15 mA Max 


© TTL Compatible During Read and Program 

@ Maximum Access Time = 450 ns MCM2716 
350 ns MCM2716-35 
250 ns MCM2716-25 

@ Pin Equivalent to Intel's 2716 

© Pin Compatible to MCM68A316E 

® Output Enable Active Level is User Selectable 


MOTOROLA'S PIN-COMPATIBLE EPROM FAMILY 


INDUSTRY STANDARD PINOUTS 
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MICM2716 
MCM27Li6 


MOS 


(N-CHANNEL, SILICON-GATE) 


2048 x 8-BIT 
UV ERASABLE PROM 


C SUFFIX 
FRIT-SEAL CERAMIC PACKAGE 
CASE 623A 


L SUFFIX CERAMIC PACKAGE 
ALSO AVAILABLE — CASE 716 


PIN ASSIGNMENT 


18 {J E/ Progr 


A... Address 
00. . Data Input/Output 


E/Progr . Chip Enable/Program 
G 


Output Enable 


“New industry standard nomenclature 





The material on pages 183-203 is reprinted courtesy of Motorola, Inc. © 


1981, 1982 
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ABSOLUTE MAXIMUM RATINGS 





NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 


periods of time could affect device reliability. 


MODE SELECTION 


Mode 





This device contains circuitry to protect the inputs 
against damage due to high Static voltages or elec- 
tc fields; however, it is advised that normal precau- 
tions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high- 
impedance circuit. 







Pin Number 


18 
E/Progr 


*in the Read Mode if Vpp2 Vip, then G (active low) 


E/Progr 
G 


AO-A10 


VppsViz. then G (active high) 


BLOCK DIAGRAM 


Data Input/Output 000-007 


Control 
Logic 


(128 x 128) 








Don't Care 


Vit to Viv 





FIGURE 1 — AC TEST LOAD 


Test Point 


*100 pF MMD6150 
or Equiv. 
MMD7000 
or Equiv. 


“Includes Jig Capacitance 
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MCM2716eMCM27L16 






CAPACITANCE (f= 1.0 MHz, Ta = 25°C, periodically sampled rather than 100% tested) 

PO Charactoristic SC~“‘“‘“C*S*C*C*CSCS Symbol | Typ | Maaxx | Unit 
[input Capacitance (Vin=OV) ss C—“‘SCCOC*#*#CL#€Gin’:«=CSS«4.0| 6.0] oF 
Output Capacitance (Voy1=0 V) | Cour_| 8.0] 12 | oF | 










At 
AV. 


Capacitance measured with a Boonton Meter or effective capacitance calculated from the’equation: C = 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted) 


RECOMMENDED DOC READ OPERATING CONDITIONS 


Symbol 


fi MCM2716 Vcc 4.75 


Input High Voltage 
Input Low Voltage 













RECOMMENDED DC OPERATING CHARACTERISTICS 


a 

Address, G and E/Progr Input Sink Current | - | 
P =V 

Vcc Supply Current (Standby) 2716 E Gov IH ices | = | 









: aco 
Output Leakage Current Vout 5.22-¥ ILO 
G=5.0V 
Vcc Supply Current (Active) 2716 (Outputs Open) G = E/Progr= 
Vib CC2 
Vpp Supply Current” Vpp=5.25 V 


*Vcc must be applied simultaneously or prior to Vpp. VCC must also be switched off simultaneously with or after Vpp. With Vpp connected 
directly to Vcc during the read operation, the supply current would then be the sum of Ipp1 and Icc. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted) 


Input Pulse Levels.................. 0.8 Volt and Z.2 Volts Input and Output Timing Levels .......... 2.0 and 0.8 Volts 
Input Rise and Fall Times ......................002,. 20 ns Output load ok bic sia eeiccae eh eheda tee’ See Figure 1 


ee [om Em 


cavev | — | 
Metay 


: | teHaz | 0 | 
E/Progr=Vit | tGHOZ | 


Data Hold from Address E/Progr=G=Vi__ | taxox | 0 | 





| Max | 

450 | 

[Note 450 | 
[FiProor= Vi | tgav | — | 160, 
: 00 

| 100 | 

= 
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MCM2716eMCM27L16 


READ MODE TIMING DIAGRAMS (E/Progr = Vj) 


: TAXOX 


G (Output Enable) 
{GLQV {GHQZ 


'TAVOV 


C2 ee Ve 


STANDBY MODE (Output Enable = Vj, ) 
Standby Mode (E/Progr = Viy) 


A (Address) ( 


Standby Mode Active Mode 











tEHOZ tELQV (Note 2) 


WME’ LL, 


NOTE 2. te_av ts referenced to E/Progr or stable address, whichever occurs last. 


Q (Data Out) Output Valid 


DC PROGRAMMING CONDITIONS AND CHARACTERISTICS 
(Ta =25°C+5°C) 
RECOMMENDED PROGRAMMING OPERATING CONDITIONS 


Parameter 


E/Progr = ViH 


AC PROGRAMMING OPERATING CONDITIONS AND CHARACTERISTICS 
Characteristic 


| mAdc | 

| Unit__| 

Address Setup Time | ws | 
| | ws 

| as 

| ws 





Output Enable High to Program Pulse 
Data Setup Time 

Address Hold Time 

Output Enable Hold Time 

Data Hold Time 


Vpp Setup Time 

Vpp to Enable Low Time 

Output Disable to High Z Output 

Output Enable to Valid Data (E/Progr = Vi.) 
Program Pulse Width 

Program Pulse Rise Time 

Program Pulse Fall Time 





“If shorter than 45 ms (min) pulses are used, the same number of pulses should be applied after the specific data has been venfied. 


MCM2716eMCM27L16 


PROGRAMMING OPERATION TIMING DIAGRAM 
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Program Pe Program Verify 
‘ TAVEH ; 
G (Output 
Enable) ’ 
'‘GLQV : IGHQZ 
eoom | Pomme | Ee eon fe 
‘é u 
a ipyen tELQZ 
'GHEH \EHEL—3 {ELGL 

E/Progr 

'PR 








XX VV/ YX 


PROGRAMMING INSTRUCTIONS 


After the completion of an ERASE operation, every bit in 
the device is in the ‘'1"’ state (represented by Output High). 
Data are entered by programming zeros (Output Low) into 
the required bits. The words are addressed the sarne way as 
in the READ operation. A programmed ‘0 can only be 
changed to a ‘’1"’ by ultraviolet light erasure. 

To set the memory up for Program Mode, the Vpp input 
(Pin 21) should be raised to + 25 V. The Vcc supply voltage 
is the same as for the Read operation and G is at Vip. Pro- 
gramming data is entered in &-bit words through the data out 
(DQ) terminals. Only ‘‘O’s” will be programmed when ‘’0's” 
and ‘'1’s"’ are entered in the 8-bit data word. 

After address and data setup, a program pulse (Vj_ to 
VIH) is applied to the E/Progr input. A program pulse is ap- 
plied to each address location to be programmed. To 
minimize programming time, a 2 ms pulse width is recom- 
mended. The maximum program pulse width is 55 ms; 
therefore, programming must not be attempted with a dc 
signal applied to the E/Progr input. 

Multiple MCM2716s may be programmed in parallel by 
connecting together like inputs and applying the program 
puise to the E/Progr inputs. Different data may be program- 
med into multiple MCM2716s connected in parallel by using 
the PROGRAM INHIBIT mode. Except for the E/Progr pin. 
all ike inputs (including Output Enable) may be common. 


TELPL 









YX) 
Oy 







The PROGRAM VERIFY mode with Vpp at 25 V is used to 
determine that all programmed bits were correctly program- 
med. 


READ OPERATION 


After access time, data is valid at the outputs in the READ 
mode. With stable system addresses, effectively faster ac- 
cess time can be obtained by gating the data ontc the bus 
with Output Enable. 

The Standby mode is available to reduce active power 
dissipation. The outputs are in the high impedance state 
when the E/Progr input pin is high (Vj}4) independent of the 
Output Enable input. 


ERASING INSTRUCTIONS 


The MCM2716/27L16 can be erased by exposure to high 
intensity shortwave ultraviolet light, with a wavelength of 
2537 angstroms. The recommended integrated dose (i.e., 
UV-intensity X exposure time) is 15 Ws/cm2. As an exam- 
ple, using the ‘Model 30-000" UV-Eraser (Turner Designs, 
Mountain View, CA 94043) the ERASE-time is 36 minutes. 
The lamps should be used without shortwave filters and the 
MCM2716/MCM27L16 should be positioned about one inch 
away from the UV-tubes. 
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MCM2716e MCM27L16 


TIMING PARAMETER ABBREVIATIONS TIMING LIMITS 


txX XX xX The table of timing values shows either a minimum or a 

Signal name from which interval is defined — | maximum limit for each parameter. Input requirements are 
transition direction for first signal specified from the extemal system point of view. Thus, ad- 

Signal name to which interval is defined dress setup time is shown as a minimum since the system 


transition direction for second signal must supply at least that much time (even though most 
devices do not require it). On the other hand, responses from 
The transition definitions used in this data sheet are: the memory are specified from the device point of view. 
H = transition to high Thus, the access time is shown as a maximum since the 

L = transition to low device never provides data later than that time. 


transition to valid 
transition to invalid or don’t care 
transition to off (high impedance) 


Nx < 
i] 


WAVEFORMS 
Wavetorm Input Output 
Symbol 
Must Be Will Be 
Vahd Valid 


“a Change Will Change 
From H to L From H to L 
Ai Change Will Change 
From L toH From L to H 


Don't Care Changing 
rere Any Change State 
Permitted Unknown 


High 
impedance 
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MCM2114 
MCM21L14 


(AA) MOTOROLA 


MOS 


(N-CHANNEL, SILICON-GATE) 


4096-BIT STATIC RANDOM ACCESS MEMORY 


The MCM2114 is a 4096-bit random access memory fabricated with 
high density, high reliability N-channel silicon-gate technology. For ease 
of use, the device operates from a single power supply, is directly com- 
pauble with TTL and OTL, and requires no clocks or refreshing because 
of fully static operation. Data access !s particularly simple, since address 
setup times are not required. The output data has the same polarity as 
the input data. 

The MCM2114 is designed for memory applications where simple in- 
terfacing is the desian objective. The MCM2114 is assembled in 18-pin 
dual-in-line packages with the industry standard pin-out, A separate 
chip select (S) lead allows easy selection of an individual package when 
the three-state outputs are OR-tied. 

The MCM2114 series has a maximum current of 100 mA. Low power 
versions (1.e., MCM21L14 series) are available with a maximum current 
of only 70 mA. 

@ 1024 Words by 4-Bit Organization 

@ Industry Standard 18-Pin Configuration 

® Single +5 Volt Supply 

@ No Clock or Timing Strobe Required 

@ Fully Static: Cycle Time = Access Time 

@ Maximum Access Time 
MCM2114-20/MCM21L14-20 200 ns 
MCM2114-25/MCM21L14-25 250 ns 
MCM2114-30/MCM721L 14-30 300 ns 
MCM2114-45/MCM21L 14-45 450 ns 

@ Fully TTL Compatible 


4096-BIT STATIC 
RANDOM ACCESS 
MEMORY 


P SUFFIX 
PLASTIC PACKAGE 
CASE 707 


Lt SUFFIX 
CERAMIC PACKAGE 
CASE 680 


® Common Data Input and Output 
© Three-State Outputs for OR-Ties 
@ Low Power Version Available 


PIN ASSIGNMENT 


BLOCK DIAGRAM 


Vec= Pin 18 
Vv Ss * Pin9 
Memory Array : 
64 Row 
64 Columns 


Input 
Date 
Controt 


oe ee 
ee AO A1A2 A3 
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MCM2114eMCM21L14 
ABSOLUTE MAXIMUM RATINGS (See Note! 


Temperature Under Bias 


This device contains circuitry to protect 
the inputs against Gamage due to nigh 
Static voltages or electric fields, however, 


OC Output Current 


Operating Temperature Range 


Storage Temperature Range 


NOTE: Permanent device damage may occur :f ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded Functional operation should be restricted to RECOMMENDED OPERAT.- 
ING CONDITIONS Exposure to higher than recommended voltages for extended 
periods of time could affect device rehability 


iS advised that normal precautions be 
taken 10 avoid apphcation of any voltage 
higher than maximum rated voltages to 
this high-impedance circurt 





DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless othervase noted } 


RECOMMENDED DC OPERATING CONDITIONS 


Supply Voltage 


Logic 1 Voltage, All Inputs 
Logic 0 Voltage, All Inputs 


DC CHARACTERISTICS 





Parameter 


Input Load Current (All Input Pins, Vin =0 to 5 5 V) 
1/0 Leakage Current (S=2.4 V, Vpqg=0.4 V to Vcc) 
Power Supply Current (Vin =5.5 V. IpQ=O0 mA, Ta = 25°C) 





NOTE Ouration not to exceed 30 seconds 


CAPACITANCE (f = 1.0 MHz, Ta = 25°C, penodically sampled rather than 100% tested) 
Characteristic 


Input/Output Capacitance (Vpq=0 V) 


Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation C= 14;/AV 





AC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature unless otherwise noted ) 


input Pulse Levels. 0 8 Volt to 2 4 Volts Input and Output Timing Levels 15 Volts 
Input Rise and Fall Times 10 ns Output Load 1 TTL Gate and C; = 100 pF 


MCM2114-25 | MCM2114-30 | MCM2114-45 
MCM21L14-25| MCM21L14-30 | MCM21L14-45_| Unit 
| Max | Min | Max | Min | Max__| 


READ (NOTE 1), WRITE (NOTE 2) CYCLES 


=e 
Parameter Symbol | MCM21L14-20 
| Min _| 
Address Vaid to Ouput Vaid ———S—~*dtavo | 
Chip Select tow 10 Daa Vaid ———SSSSC*d giv | 
Chip Select High to Output High Z ftsHaz | - | 
Faddress Don't Care 10 Ouiput High@ | taxoz | 50 _ 
120 
rd ee 
FWinte Low 10 Output Hgh2_—————SS—*d ea | 
120 
F Wie High 10 Data Dont ————SC~d wx | 0 


NOTES 1 A Read occurs during the overlap of a low 5 and a high W~ 
2 A White occurs during the overlap of a low § and a low W. 










x 


N 
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MCM2114eMCM21L14 


READ CYCLE TIMING (W HELD HIGH) 


TAVAX 


TAVQV 


Address 


5S  _AAAQAAYAAMMAAA AY LLM ILLLLLLLLLLL 


'SLOV—4 tSHOz 


t 
SLOX tAxQ2Z 


: oa: 


WRITE CYCLE TIMING (NOTE 3) 


<a——____—__————- 'AVAX 


Address 






5S AAAS LLLLLLELLLLLLLLLLL LL 


'WHAX 








= S 
Mb, 
'WLOZ 
Q VAN NAVAN AVAL LALLY 
LiLLLILLL LL LS 
MAA KRAAAAAAAZSAY I WA AARA AA AL,ALAA?) 
0 YOY A BY 





3 If the’S low transition occurs simultaneously with the W low transition, the output buffers remain in a high-impedance state 





WAVEFORMS 
Waveform Input Outpre 
Symbol! 
MUST BE WILL GE 
VALIO VALIO 





“Wa 
LLL 


— >> 


CHANGE 
FROMH TOL 


CHANGE 
FROM1 TOH 


OON T CARE 
ANY CHANGE 
PERMITTED 


WILL CHANGE 
FROMM TOL 


WILL CHANGE 
FROML TOW 


CHANGING 
STATE 
UNKNOWN 


+41GH 
IMPEDANCE 
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icc. SUPPLY CURRENT (mA) 


Ign. OUTPUT SOURCE CURRENT (mA) 


APPENDIX 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT versus SUPPLY VOLTAGE 


OUTPUT SOURCE CURRENT versus OUTPUT VOLTAGE 


475 50 
Vcc. SUPPLY VOLTAGE (VOLTS) 





55 


Sees 
Tie dea 2 
fede ee Ne el aed 


2.0 


30 40 
Von. OUTPUT VOLTAGE (VOLTS) 





50 


icc. SUPPLY CURRENT (mA) 


Ig. QUTPUT SINK CURRENT (mA) 


SUPPLY CURRENT versus AMBIENT TEMPERATURE 





Ta. AMBIENT TEMPERATURE (°C) 


OUTPUT SINK CURRENT versus OUTPUT VOLTAGE 
90 


80 


70 


60 


$0 


40 


30 


20 





oe oe) 02 03 04 05 06 
Voy. QUTPUT VOLTAGE (VOLTS) 
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MCM2114eMCM21L14 


NORMALIZED ACCESS TIME versus TEMPERATURE TYPICAL ACCESS TIME vorsus TEMPERATURE 


oe Sa a Ss ee ae 








2 2 Ee eo 

= 095 4 

ad 

% me a es ee ee . 
= ? £& 
2 a ae ee ee ae ee w 
ad a aes eee ae ee ee a = 
a Z| B 
ee ee ee ee ee ; 
uw 

~ 0.85 < 
Z ne Re ee ee ae : 
= 2 
E ae Se ee ee Se 

Q 

= 080 

< 


0 20 40 60 80 
Ta. TEMPERATURE (°C) 





MCM2114/MCM21L14 BIT MAP 


DQ3 (PIN NO 12) DQ4 (PIN NO. 11) DQ1(PINNO 14) DQ2 (PIN NO. 13) 





To determine the precise location on the die of a word in memory, reassign address numbers to the address pins as 
in the table below. The bit locations can then be determined directly from the bit map. 


REASSIGNED REASSIGNED 
PIN NUMBER ADDRESS NUMBER PIN NUMBER ADDRESS NUMBER 
1 A6 6 Al 
2 AS 7 A2 
3 A4 15 AS 
4 A3 16 AS 
5 AO 17 Ai 
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(M\) MOTOROLA 


PERIPHERAL INTERFACE ADAPTER (PIA) 


The MC6821 Peripheral Interface Adapter provides the universal 
means of interfacing peripheral equipment to the M680C family of 
microprocessors. This device is capable of interfacing the MPU to 
peripherals through two &-bit uidirectional peripheral data buses and 
four control lines. No external logic is required for interfacing to most 
peripheral devices. 

The functional configuration of the PIA is programmed by the MPU 
during system initialization. Each of the peripheral data lines can be pro- 
grammed to act as an input or output, and each of the four con- 
trol/interrupt lines may be programmed ‘for one of several control 
modes. This allows a high degree of flexibility in the overall operation of 
the interface. 

@ 8-Bit Bidirectional Data Bus for Communication with the 

MPU 


Two Bidirectional 8-Bit Buses for Interface to Peripherals 
Two Programmable Control Registers 
Two Programmable Data Direction Registers 


Four Individually-Controlled Interrupt Input Lines; Two 
Usable as Peripheral Contro! Outputs 


Handshake Control Logic for Input and Output Peripheral 
Operation 


High-Impedance Three-State and Direct Transistor Drive 
Peripheral Lines 


Program Controlled Interrupt and Interrupt Disable Capability 
CMOS Drive Capability on Side A Peripheral Lines 
Two TTL Drive Capability cn All A and 8 Side Buffers 


TTL-Compatible 
Static Operation 


Operating Temperature Range 
MC6821, MC68A21, MC68821 
MC6821C, MC68A21C. MC68B21C -40 to +85 


- 55 to + 150 


Thermal Resistance 
Ceramic 
Plastic 
Cerdip 


This device contains circuitry to protect the inputs against damage due to high 
Static voltages or electric fields; however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum-rated 
voltages to this high-impedance circuit. Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic voltage (1.e., ether Vssg or VCC). 


(N-CHANNEL, SILICON-GATE, 
DEPLETION LOAD) 


PERIPHERAL INTERFACE 
ADAPTER 


L SUFFIX 
11+ CERAMIC PACKAGE 
CASE 715 


CERDIP PACKAGE 
CASE 734 


P SUFFIX 


PLASTIC PACKAGE 
CASE 711 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=TAt(PD®OJA) i 
Where: 

TamAmbient Temperature, °C 
6A = Package Thermal Resistance, Junction-to-Ambient, °C/W 
PDO = PINT + PPORT 
PINT@ICC x Vcc. Watts ~ Chip Internal Power 
Poort # Port Power Dissipation, Watts — User Determined 

For most applications PpPORT «PINT and can be neglected. PPORT may become significant if the device is configured to 

drive Darlington bases or sink LED loads 
An approximate relationship between Pp and Ty (if PPORT 's neglected) Is. 


Pp =K-(Ty + 273°C) (2) 
Solving equations 1 and 2 for K gives 
K = Ppe(Tp + 273°C) + @yAePD2 (3) 


Where K 1s a constan: pertaining to the particular part, K can be determined from equation 3 by measuring Po (at equilibrium) 
tora known Ta Using this value of K the values of PD and TJ can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta 


DC ELECTRICAL CHARACTERISTICS ivcc =50 Vdc +5%. Vsgs=0. Ta=TL to TH unless otherwise noted! 


Characteristic | Symbo! | Min | Typ | Max Unit 
BUS CONTROL INPUTS (R/W, Enable, RESET, RSO, RS1, CSO, CS1, CS2) 
PinputHigh Voltage CSC «#207 = Vee) 
input Low Voltage | Yu __[Y¥ss-03] - | Vss+08| 
ee ee 


Input Leakage Current (V\, = 0 to 5.25 V) 
Capacitance (V,,=0. Ta =25°C, t= 10 MHz) 
INTERRUPT OUTPUTS (IRQA, IRQB) 


Output Low Voltage (I, 93q = 3.2 mA) hee ee Vgs+04 
Thies State Output Leakage Coren ee eRe TN 
Gepaciance Nin =O. Tq = 25°C, 1= TON (ce ee A 


DATA BUS (D0-D7) 


















Input High Voltage VI 

Input Low Voltage ViL 

Three-State Input Leakage Current (Vi, =04 to 2.4 V) 

Output High Voliage (ILogg = — 205 pA) VOH 

Output Low Voltage (ILgag = 1.6 mA} oe ae ee VOL 

Capacitance (V,,=0, Ta = 25°C, {= 1.0 MHz) Cin 
PERIPHERAL BUS (PAO-PA7, PB0-PB7, CA1, CA2, CB1, CB2) 








Input Leakage Current R/W, RESET, RSO, RS1, CSO, CS1, CS2, CAI, 
(Vin=01t05 25V) CB1, Enable 








Three- State Input Leakage Current (Vin =04102.4V) PBO-PB7, CB2 hz 
Input High Current (Vjp4 = 2.4 V) PAO-PA7, CA2 WH 
Darlington Drive Current (Vo = 1.5V) PRO-P87, CB2 






Input Low Current (Vj, =0.4 V) PAO-PA7, CA2 
Output High Voltage 










(Load = - 200 pA! PAO-PA7, PBO-PB7, CA2,CB21 VoH 
Load = - 10 nA) PAO-PA7, CA2 
Output Low Voltage (IL gag = 3.2 mA) VOL 








Capacitance (Vi, =0, Ta = 25°C, f= 1.0 MHz) 
POWER REQUIREMENTS 
Internal Power Dissipation (Measured at Ta = TL) 
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2). 


Pulse Width, E Low 


| 3 | Pulse Width, € High 


Clock Rise and Fall Time 


Chip Select Setup Time Before E tcs 


Chip Select Hold Time 


FIGURE 1 — BUS TIMING 


- @ 
“won moves | ROOXXKXK TTR 
Q 





(<> | 
cs 
Read Data MPU Read Data Non-Muxed 
Non-Muxed 
ee 
Wate Data MPU Write Data Non-Muxed 
Non Muxed 


Notes 
1 Voltage levels shown are Vi s0 4 V. VH22.4 V. unless otherwise specified 
2 Measurement points shown are 0 8 V and 20 V, unless otherwise specified 








© 
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PERIPHERAL TIMING CHARACTERISTICS (Vcc =5.0 V +5%. Vgs=0V. Ta=TL to TH unless otherwise specified) 


| MC68B21_ | 
smo! RRL LT a 


Date Seup Time SSSCSCSC~CSCSCSCSSS~*dC 
DataHol Time SSS 
[Rise and Fall Times for CAT and CA2 input Signals ts 
(POW 


Delay Time, Enable Negative Transition to CMOS Data Vaiid 
PAO-PA7, CA2 ‘CMOS 


ioc 
Per 
[fise and Fal Te fo CBY and CBT rut Sgrale 
a 
RESET Low Time® 


*The RESET tine must be high a minimum of 1 0 ys before addressing the PIA 























_ 


0 


ad 
oO 


2.0 


Q 


RO 
oO 


FIGURE 2 — BUS TIMING TEST LOADS FIGURE 3 — TTL EQUIVALENT 
TEST LOAD 
(00-07) 5.0 V (PAO-PA7, PBO—PB7, CA2, C82) 
Ri =24 kN 50V 
Fak Point MMD6150 Ry =1 25 kN 
or Equiv 
Test Point og MM0D6150 
C R V1 or Equiv 
130 pF 11.7k0 MMD7000 
or Equiv Cc R 
MMO7000 
= = or Equiv 
C= 30 pF, R= 12k 
FIGURE 4 — CMOS EQUIVALENT FIGURE 5 — NMOS EQUIVALENT 
TEST LOAD TEST LOAD 
(TRO Only) 
(PAO-PA7, CA2) eau 


Test Point 
| 3 kQ 


30 oF 
| Tast Point 
= 100 pF i 
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FIGURE 6 — PERIPHERAL DATA SETUP AND HOLD TIMES 


(Read Mode) 

PAO-PA7 

P80-PB7 
tpos tpow 

Enable 

FIGURE 8 — CA2 DELAY TIME 
(Read Mode; CRA-5= 1, CRA-3= CRA-4= 0) 
Enable 

<r 


ty. ty 
CAl i 

'CA2 'AS2 
CA2 / 


FIGURE 10 — PERIPHERAL DATA AND CB2 DELAY TIMES 
(Write Mode; CRB-6= CRB-3= 1, CRB-4=0) 


Enable 
teow 
PB0O P87 
toc 
ce 


*cea2 goes low as a result of the 
positive transition of Enable. 


FIGURE 12 — cB2 DELAY TIME 
(Write Mode; CRB-5= 1, CRB-3= CRB-4= 0) 


E ve 
$< $$$ $< — 
| 


| 
cB) 





'cB2 


CB2 


* Assumas part was doselocted during 
any previous E pulse. 


FIGURE 7 — CA2 DELAY TIME 
(Read Mode; CRA-5= CRA3= 1, CRA-4= 0) 


Enable 


tca2 trast’ 


PWcrT 
CA2 


* Assumes part was desalocted during 
the previous E pulse. 


FIGURE 9 — PERIPHERAL CMOS DATA DELAY TIMES 
(Write Mode; CRA-5 = CRA-3= 1, CRA-4=0) 







Enable 


4 err teen Vcc -30% Vcc 


PAO-PA7, 
CA2 


FIGURE 11 — CB2 DELAY TIME 
(Write Mode; CRB-5= CRB-3= 1, CRB-4= 0) 


-| ~ 'cB2 | 


tRS1 





* Assumes part was deselected during the 
previous E pulse 


FIGURE 13 — INTERRUPT PULSE WIDTH AND IRQ RESPONSE 





et 


* Assumes Interrupt Enable Bits are set. 


Note: Timing measurements are referenced to and from 2 low voltage of 0.8 volts and a high voltage of 2.0 voits, unless otherwise noted. 


APPENDIX 199 


MC6821°iMCE8A21eMCE8B21 


FIGURE 14 — IRO RELEASE TIME FIGURE 16 — RESET LOW TIME 
tRL 
Enable eisee 
RESET 
--— UR 
°T li t ini 
re} he RESET line must be a Viv for a minimum of 


1.0 ps before addressing the PIA. 


Note: Timing measurements are referenced to and from a low voltege of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


FIGURE 16 — EXPANDED BLOCK DIAGRAM 





















































40 CA! 
Interrupt Status 
Control A > 39 CA2 
Control 
Rogister A 
00 33 <—+ 
O1 32 Data Direction 
D2 31 Register A 
O03 30 < 
Buffers 
04 29 (0886) Output Bus 
O05 28 
O06 27 < Sb 2 PAO 
Output 3 PAI 
SC28 Register A PA2 
(ORA) —s 
Peripheral a Se 5 PAZ 
interface 6 PA4 
A 
= 7 PAS 
Bus Input 
Register eB tae 
(BIR) — 9 PAT 
Vcc” Pin 20 10 PBO 
Vv P 1 
ss hin Output 11 PBI 
Register B 
> 12 PB2 
(ORB) . : 
Peripheral th 13 PB3 
Interface 
8 14 PB4 
Chip 15 PB5 
Select 
ae cm 16 P86 
RW = pb 17 PB7 
Control 
Data Direction 
Control Register B 
Register B (DORB) 
(CRB) 
18 CB! 


Interrupt Status 
‘ROB 37 «< Controi B 
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PIA INTERFACE SIGNALS FOR MPU 


The PIA interfaces to the M6800 bus with an 8-bit bidirec- 
tional data bus, three chip select lines, two register select 
lines, two interrupt request lines, a read/write line, an enable 
line and a reset line. To ensure proper operation with the 
MC6800, MC6802, or MC6808 microprocessors, VMA 
should be used as an active part of the address decoding. 


Bidirectional Data (DO-D7) — The bidirectional data lines 
(D0-07) allow the transfer of data between the MPU and the 
PIA. The data bus output drivers are three-state devices that 
remain in the high-impedance (off) state except when the 
MPU performs a PIA read operation. The read/write line is in 
the read (high) state when the PIA is selected for a read 
operation. 


Enable (E) -— The enable pulse, E, is the only timing 
signal that is supplied to the PIA. Timing of ail other signals 
is referenced to the leading and trailing edges of the E pulse. 


Read/Write (R/W) — This signal is generated by the 
MPU to control the direction of data transfers on the data 
bus. A low state on the PIA read/write line enables the input 
buffers and data is transferred from the MPU to the PIA on 
the E signal if the device has been selected. A high on the 
read/write line sets up the PIA for a transfer of data to the 
bus. The PIA output buffers are enabled when the proper ad- 
dress and the enable pulse E are present. 


RESET — The active low RESET line is used to reset all 
register bits in the PIA to a logical zero (low). This line can be 
used aS a power-on reset and as a master reset during 
system operation. 


Chip Selects (CSO, CS1, and CS2) — These three input 
signals are used to select the PIA. CSO and CS1 must be 
high and C$2 must be low for selection of the device. Data 
transfers are then performed under the control of the enable 
and read/write signals. The chip select lines must be stable 


for the duration of the E pulse. The device is deselected 
when any of the chip selects are in the inactive state. 


Register Selects (RSO and RS1) — The two register 
select lines are used to select the various registers inside the 
PIA. These two lines are used in conjunction with internal 
Control Registers to select a particular register that is to be 
written or read. 

The register and chip select lines should be stable for the 
duration of the E pulse while in the read or write cycle. 


Interrupt Request (IRQA and 1ROB) — The active low In- 
terrupt Request lines (IROA and IRQS) act to interrupt the 
MPU either directly or through interrupt priority circuitry. 
These lines are “open drain” (no load device on the chip). 
This permits all interrupt request lines to be tied together in a 
wire-OR configuration. 

Each Interrupt Request line has two internal interrupt flag 
bits that can cause the Interrupt Request line to go low. Each 
flag bit is associated with a particular peripheral interrupt 
line. Also, four interrupt enable bits are provided in the PIA 
which may be used to inhibit a particular interrupt from a 
peripheral device. 

Servicing an interrupt by the MPU may be accomplished 
by a software routine that, on a prioritized basis, sequentially’ 
reads and tests the two control registers in each PIA for in- 
terrupt flag bits that are set. 

The interrupt flags are cleared (zeroed) as a result of an 
MPU Read Peripheral Data Operation of the corresponding 
data register. After being cleared, the interrupt flag bit can- 
not be enabled to be set until the PIA is deselected during an 
E pulse. The E pulse is used to condition the interrupt control 
lines (CA1, CA2, CB1, CB2). When these lines are used as 
interrupt inputs, at least one E pulse must occur from the in- 
active edge to the active edge of the interrupt input signal to 
condition the edge sense network. If the interrupt flag has 
been enabled and the edge sense circuit has been properly 
conditioned, the interrupt flag will be set on the next active 
transition of the interrupt input pin. 


PIA PERIPHERAL INTERFACE LINES 


The PIA provides two 8-bit bidirectional data buses and 
four interrupt/control lines for interfacing to peripheral 
devices. 


Section A Peripheral Data (PAO-PA7) - Each of the 
peripheral data lines can be programmed to act as an input or 
output. This is accomplished by setting a ‘’1”’ in the cor- 
responding Data Direction Register bit for those lines which 
are to be outputs. A “0” in a bit of the Data Direction 
Register causes the corresponding peripheral data line to act 
as ar. input. During an MPU Read Peripheral Data Operation, 
the data on peripheral lines programmed to act as inputs ap- 
pears directly on the corresponding MPU Data Bus lines. In 
the input mode, the internal pullup resistor on these lines 
represents a maximum of 1.5 standard TTL loads. 

The data in Output Register A will appear on the data lines 
that are programmed to be outputs. A logical ‘1’ written in- 
to the register will cause a ‘high’ on the corresponding data 


line while a ‘0’ results in a ‘‘low."’ Data in Output Register A 
may be read by an MPU ‘’Read Peripheral Data A’’ operation 
when the corresponding fines are programmed as outputs. 
This data will be read property if the voltage on the 
peripheral data lines is greater than 2.0 volts for a logic ‘1’ 
Output and less than 0.8 voit for a logic ‘0’ output. Loading 
the output lines such that the voltage on these lines does not 
reach full voltage causes the data transferred into the MPU 
on a Read operation to differ from that contained in the 
respective bit of Output Register A. 


Section B Peripheral Data (PBO-PB7) — The peripheral 
data lines in the B Section of the PiA can be programmed to 
act as either inputs or outputs in a similar manner to PAQ 
PA7. They have three-state capabiity, allowing them to enter 
a high-impedance state when the peripheral data line is used 
as an input. In addition, data on the peripheral data lines 
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PBO-PB7 will be read properly from those lines programmed 
as Outputs even if the voltages are below 2.0 volts for a 
‘high’ or above 0.8 V for a ‘low’. As outputs, these lines 
are compatible with standard TTL and may also be used as a 
source of up to 1 milliampere at 1.5 volts to directly drive the 
base of a transistor switch. 


Interrupt Input (CA1 and CB1) — Peripheral input lines 
CA1 and CB1 are input only lines that set the interrupt flags 
of the control registers. The active transition for these 
signals is also programmed by the two control registers. 


Peripheral Control (CA2) — The peripheral! control line 
CA2 can be programmed to act as an interrupt input or as a 
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peripheral control output. As an output, this line is compati- 
ble with standard TTL: as an input the internal pullup resistor 
on this line represents 1.5 standard TTL loads. The function 
of this signal line is programmed with Control Register A. 


Peripheral Control (CB2) — Peripheral! Control line CB2 
may also be programmed to act as an interrupt input or 
peripheral control output. As an input, this line has high in- 
put impedance and is compatible with standard TTL. As an 
output it is compatible with standard TTL and may also be 
used as a source of up to 1 milliampere at 1.5 volts to directly 
drive the base of a transistor switch. This line is programmed 
by Control Register B. 


INTERNAL CONTROLS 


INITIALIZATION 

A RESET has the effect of zeroing all PIA registers. This 
will set PAO-PA7, PBO-PB7, CA2 and CB2 as inputs, and all 
interrupts disabled. The PIA must be configured during the 
restart program which follows the reset. 

There are six locations within the PIA accessible to the 
MPU data bus: two Peripheral Registers, two Data Direction 
Registers, and two Control Registers. Selection of these 
locations is controlled by the RSO and RS1 inputs together 
with bit 2 in the Control Register, as shown in Table 1. 

Details of possible configurations of the Data Direction 
and Control! Register are as follows: 


TABLE 1— INTERNAL ADDRESSING 


Control 
Register Bit 













Location Selected 


| o | x | Data Direction Register A 








Data Duection Register B 


fo 
a 
ee 
Lae 
om 
a 





X - Don't Care 


PORT A-B HARDWARE CHARACTERISTICS 


As shown in Figure 17, the MC6821 has a pair of I/O ports 
whose characteristics differ greatly. The A side is designed 
to drive CMOS logic to normal 30% to 70% levels, and incor- 
porates an internal pullup device that remains connected 
even in the input mode. Because of this, the A side requires 
more drive current in the input mode than Port B. In con- 
trast, the B side uses a normal three-state NMOS buffer 
which cannot pullup to CMOS levels without external 
resistors. The 8 side can drive extra loads such as Darl- 
ingtons without problem. When the PIA comes out of reset, 
the A port represents inputs with pullup resistors, whereas 
the B side (input mode also) will float high or low, depending 
upon the load connected to it. 


Notice the differences between a Port A and Port B read 
operation when in the output mode. When reading Port A, 
the actual pin is read, whereas the B side read comes from an 
output latch, ahead of the actual pin. 


CONTROL REGISTERS (CRA and CRB) 


The two Control Registers (CRA and CRB) allow the MPU 
te control the operation of the four peripheral control lines 
CA1, CA2, CB1, and CB2. In addition they allow the MPU to 
enable the interrupt lines and monitor the status of the inter- 
rupt flags. Bits 0 through 5 of the two registers may be writ- 
ten or read by the MPU when the proper chip select and 
register select signals are applied. Bits 6 and 7 of the two 
registers are read only and are modified by external interrupts 
occurring on control lines CA1, CA2, CB1, or CB2. The for- 
mat of the control words is shown in Figure 18. 


DATA DIRECTION ACCESS CONTROL BIT (CRA-2 and 
CRB-2) 

Bit 2, in each Control Register (CRA and CRB), deter- 
mines selection of either a Peripheral Output Register or the 
corresponding Data Direction E Register when the proper 
register select signals are applied to RSO and RS1. A‘'1"' in 
bit 2 allows access of the Peripheral Interface Register, while 
a ‘’0" causes the Data Direction Register to be addressed. 


Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) — 
The four interrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Control lines 
when those lines are programmed to be inputs. These bits 
cannot be set directly from the MPU Data Bus and are reset 
indirectly by a Read Peripheral Data Operation on the ap- 
propriate section. 


Control of CA2 and CB2 Peripheral Control Lines (CRA-3, 
CRA-4, CRA-5, CRB-3, CRB-4, and CRB-§) — Bits 3, 4. and 
5 of the two control registers are used to control the CA2 and 
CB2 Peripheral Control lines. These bits determine if the con- 
trol fines will be an interrupt input or an output control 
signal. If bit CRA-5 (CRB-5) is low, CA2 (CB2) is an interrupt 
input line similar to CA1 (CB1). When CRA-5 (CRB-5) is 
high, CA2 (CB2) becomes an output signal that may be used 
to control peripheral data transfers. When in the output 
mode, CA2 and CB2 have slightly different loading 
characteristics. 
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Control! of CA1 and CB1 Interrupt Input Lines (CRA-O, 
CRB-1, CRA-1, and CRB-1) — The two lowest-order bits of 
the contro! registers are used to control the interrupt input 
lines CA1 and CBi. Bits CRA-0 and CRB-0 are used to 


enable the MPU interrupt signals TROA and iROB, respec- 
tively. Bits CRA-1 and CRB-1 determine the active transition 
of the interrupt input signals CA1 and CB1. 


FIGURE 17 — PORT A AND PORT B EQUIVALENT CIRCUITS 


Port A Ve Port B 
C 
Port Pin 

et HAD +O 
Data \ =, 
Direction 

(1— Output Pin) 

(O— Input Pin) 


A 


@ \ Read A Data 
To External yy, in Input or 
Bus Output Mode 


Internal PIA Bus 


Data Direction 





VCC 


dE 









Port Pin 





Data Direction 
(1--Input Pin) 
(O— Output Pin) 


Read of B 
Data When 
in Output 
Mode 












Read of B 
A Data when 
in Input Mode 
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Determine Active CA1 (CB1) Transition for Setting FIGURE 18 — CONTROL WORD FORMAT 


Interrupt Flag IRQA(B)1 — (bit 7) 

b1=0: IRQA(B)1 set by high-to-low transition on CA) 
(CB1) 

bl=1- IRQAI(B)1 set by low-to-high transition on CA1 

(CB1). 













CA1 (CB1) Interrupt Request Enabdie/ Disabio 

bO=0: Oisables IRQA(B) MPU Interrupt by CA1 
(CB1) active transition 

bO=1: Enable IROA(B) MPU Interrupt by CA1 (CBI) 
active transition. 

1 IRQA(B) will occur on next (MPU generated) positive 

transition of bO if CA1 (CB1) active transition oc- 

curred while interrupt was disabled. 














IRQA(B) 1 Interrupt Flag (bit 7) 


Goes high on active transition of CA1 (CB1), Automa- 
ucally cleared by MPU Read of Output Register AIB). 
May also be cleared by hardware Reset 








a es eS 


IROA(B)1 | IRQA(BI2 CA2 (CB2) DOR CA1 (CB1) 
Fiag Flag Control Access Control 


IRQA(B)2 Interrupt Flag (bit 6) 


When CA2 (C82) 1s an input, IRQA(B) goes high on ac- Determines Whether Data Direction Register Or Output 
tive transition CA2 (C82), Automatically cleared by Register is Addressed 


Control Register 


MPU Read of Output Register A(B) May also be b2=0: Data Uirection Register selected. 
cleared by hardware Reset b2=1: Output Register selected. 

CA2 (CB2) Estabhshed as Output (b5=1) IRQA(B) 

2=0, not affected by CA2 (CB2) transitions 





CA2 (CB2) Established as Output by b5= 1 CA2 (CB2) Established as Input by b&= 0 
(Note that operation of CA2 and CB2 output 
5 b4 b3 functions are not identical) bS b4 b3 
ie CA2 
1 0 ba=0: ‘Resa Sivebe WANCAT Renore 0 CA2 (CB2) interrupt Request Enable/ Disable 
CA2 goes Icw on first high-to-low b3=0 Disables IRQAIA) MPU interrupt by 
E transition following an MPU read CA2 (CB2) active transition .° 
of Output Register A, returned high b3= 1. Enables IRQA(B) MPU Interrupt by 
by next active CAI transition, as CA2 (CB2) active transition 
specified by bit | *IRQA(B) will occur on next (MPU generat- 
b3=1 Read Strobe with E Restore ted} positive transition of b3 if CA2 (CB2) 
CA2 goes low on first high-to-low active transition occurred while interrupt 
E transition following an MPU read was disabled. 
of Output Register A, returned high Determines Active CA2 (CB2) Transition for 
by next high-to-low E transition dur- Setting Interrupt Flag IRQA(B)2 — (Bit b6) 
ig. a: G6SPlBCl b4=0: IRQAIBI2 set by high-to-low transi- 
CB2 tion on CA2 (CB2) 
b3=0 Write Strobe with CB1 Restore b4=1. IRQA(B)2 set by low-to-high transi- 


CB2 goes low on first low-to-high tion on CA2 (CB2) 
E transition following an MPU write 

into Output Register B, returned 

high by the next active CB1 transi- 

ton as specified by bit 1 CRB-b7 

Must first be cleared by a read of 

data 


b3=1 Write Strobe with E Restore 
CB2 goes low on first low-to-high 
E transition following an MPU write 
into Output Register 8B, returned 
b5 b4A b2 high by the next low-to-high E tran- 
 o" sition following an E pulse which 
occurred while the part was de- 
selected 
yA Set/ Reset CA2 (CB2) 
CA2 (C82) goes low as MPU whites 
b3=0 into Contro! Register 


CA2 (CB2) goes high as MPU whites 
b3= 1 into Control Register 


INDEX 





A 


AO logical address, 7—8 

AS control line, 8 

Address stimulus, SST, 104 
Address buffering, 10, 11 

Address buffers, verifying, 114-118 
Address bus, overview, 6-9 


B 


Bidirectional buffering, 15—20 

Bidirectional buffer, 74LS245, 18 
Bidirectional buffer, schematic, 21 
Bidirectional buffer, schematic diagram, 117 
Block diagram of ROM system, 23, 24 

Block diagram of Static RAM, 35 

Buffer, bidirectional 74LS245, 18 
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Control line, R/W, 14 

Control line, UDS, 12 

Control lines, 2114, 44—46 
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I/O port address, 58—60 

I/O port, schematic of, 66 
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R/W control line, 14 
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ROM system, schematic, 25 

ROM, reading data from, 20—26 
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Reading data from ROM, SST, 122-127 
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Schematic diagram of static RAM system, 47 
Schematic of ROM system, 25 
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Schematic, I/O port, 66 

Select line, memory, 24, 25 
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UDS control line, 12 
UDS, timing diagram, 20 
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Write access time, extending, 51-54 
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